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ARTIFICIAL RECHARGE TO THE SNAKE PLAIN AQUIFER IN IDAHO 

AN EVALUATION OF POTENTIAL AND EFFECT 

By R .  F. Norvitch, C .  A .  Thomas, and R .  J .  Madison 

ABSTRACT 

The major f a c t o r s  involved i n  using su rp lus  w a t e r  f o r  a r t i f i c i a l  r e -  

charge of t h e  Snake P la in  aqu i fe r  i n  southern and sou theas te rn  Idaho a r e  the  

a v a i l a b i l i t y  of water ,  t h e  probable e f f e c t s  of water  mixing on ground-water 

q u a l i t y  and phys ica l  a q u i f e r  p rope r t i e s ,  and t h e  e f f e c t s  of a r t i f i c i a l  r e -  

charge on ground-water l e v e l s  and a q u i f e r  d ischarge .  About 4,000,000 acre-  

f e e t  of water i s  recharged t o  the  aqu i fe r  annually as a r e s u l t  of i r r i g a t i o n  

from surface-water  sources  while 1,100,000 ac re - fee t  o f  t h e  ground water  pump- 

ed r e tu rns  t o  the  a q u i f e r .  

Milner Dam is t h e  last  major g r a v i t y  d ive r s ion  p o i n t  on the  Snake River.  

Any excess water flowing p a s t  t h i s  po in t  might have been d ive r t ed  upstream f o r  

a r t i f i c i a l  recharge.  A graph showing the  recurrence i n t e r v a l  of annual mean 

discharge of Snake River a t  Milner i n d i c a t e s  t h a t  an average flow of about 

1.3 mi l l ion  ac re - fee t  o r  more occurs at  a r a t e  o f  once every 2 yea r s .  This 

ind ica te s  a 50 percent  p r o b a b i l i t y  t h a t  the  same d i scha rge  may be equal led  o r  

exceeded i n  any 1 yea r .  The high degree o f  r e g u l a t i o n  o f  t h e  r i v e r  above 

Milner requi red  complete adjustment o f  the  streamflow d a t a  obtained a t  t he  

Milner gage t o  der ive  t h e  curve on t h e  graph. 

A genera l ized  a p p r a i s a l  of t h e  chemical q u a l i t y  o f  t h e  su r face  and 

ground water i n  t h e  Snake River P la in  shows t h a t  t h e r e  probably w i l l  be  no 

chemical-qual i ty problems involved i n  l a rge - sca le  r echa rge .  



A t r a n s i e n t  s t a t e ,  e l e c t r i c - a n a l o g  model of the  Snake P l a i n  a q u i f e r  was 

cons t ruc ted .  Model p r e d i c t i o n s  show t h a t  by recharg ing  a  t o t a l  of  3 . 7  m i l l i o n  

ac re - f ee t  of water  over a  10-year per iod  a t  fou r  d i f f e r e n t  p l aces  on t h e  P l a i n ,  

water - leve l  r i s e s  of l e s s  than 1 t o  more than 5 f e e t ,  measured 21 months a f t e r  

recharge s topped,  would occur i n  t h e  a q u i f e r .  I f  t h i s  q u a n t i t y  o f  water  were 

added a t  a r a t e  of 62,000 a c r e - f e e t  p e r  month f o r  3 continuous months a t  each 

p l ace ,  once every 2 yea r s ,  and over  a  10-year period--3.3 mi l l i on  ac re - f ee t  

would go i n t o  s to rage  i n  t h e  a q u i f e r  and 0 .4  mi l l i on  a c r e - f e e t  would flow out  

of t h e  sp r ings .  These e f f e c t s  would be superimposed upon t h e  e x i s t i n g  hydro- 

log ic  system. 

The analog model can p r e d i c t  water - leve l  responses t o  a r t i f i c i a l  r e -  

charge, o r  ground-water withdrawal,  which a r e  genera l ized  i n  a r e a l  ex ten t  and 

a r e  within a  reasonable range of accuracy.  But, because of t h e  complexi t ies  

i n  t h e  n a t u r a l  hydrologic system and t h e  lack of  d a t a  f o r  t h e  b e t t e r  d e f i -  

n i t i o n  of t h e  hydrology of  t h e  a q u i f e r ,  devia t ions  from t h e  model p r e d i c t i o n s  

must be expected.  Future refinement of  the  model can be made as  a d d i t i o n a l  

f i e l d  d a t a  a r e  c o l l e c t e d .  

VII 



INTRODUCTION 

Since t h e  l a t e  1800's and through t h e  e a r l y  1 9 5 0 t s ,  t h e  water  t a b l e  

beneath the  e a s t e r n  Snake River P la in  rose  l o c a l l y  a s  much a s  70 f e e t  as  a 

r e s u l t  of  recharge from i r r i g a t i o n .  Since about 1954, however, an increased  

use of ground water  t o g e t h e r  with a decrease i n  recharge occurr ing  dur ing  

a number of dry years ,  has  caused l o c a l  long-term dec l ines  i n  ground-water 

l e v e l s  ranging from l e s s  than 1 foo t  t o  more than 17 f e e t .  

During t h e  p a s t  s e v e r a l  yea r s ,  l o c a l  i n t e r e s t  has  developed i n  t h e  

p o s s i b i l i t y  and p r a c t i c a l i t y  o f  a r t i f i c i a l l y  recharging t h e  ground-water 

a q u i f e r  t h a t  unde r l i e s  t h e  e a s t e r n  Snake River P la in .  In  p a r t i c u l a r ,  i r r i -  

ga to r s  us ing  ground water  a r e  i n t e r e s t e d  i n  su rp lus  Snake River flows f o r  

recharge t o  f o r t i f y  t h e i r  p re sen t  supp l i e s  and t o  maintain o r  reduce t h e i r  

pumping l i f t s .  Also, t h e  U .  S .  Bureau of  Reclamation i s  cons ider ing  use 

of surp lus  water  f o r  a r t i f i c i a l  recharge i n  some i r r i g a t i o n  p r o j e c t s .  

S tudies  by Mundorff (19623 have demonstrated t h a t  hundreds of  acre-  

f e e t  of water can be recharged i n  r e l a t i v e l y  s h o r t  per iods  o f  t ime by 

spreading water  onto areas  of  ba re ,  rough, porous b a s a l t .  Unintent ional  

c y c l i c  recharge on a very l a rge  s c a l e  has r e s u l t e d  from i r r i g a t i o n  on t h e  

P la in  f o r  more than 70 yea r s .  

Numerous r e p o r t s  have been w r i t t e n  on t h e  geology and hydrology of  

ail. o r  p a r t s  of  t h e  Snake River P la in  i n  Idaho. Notable among t h e  o l d e r  

ones a re  a reconnaissance of  t h e  geology and water resources of  t h e  P la in  

i n  southern Idaho by Russel l  (1902) and a s tudy descr ib ing  t h e  geology and 

ground-water condit ions o f  t h e  e a s t e r n  P la in  by Stearns and o the r s  (1935). 

More r e c e n t l y ,  Mundorff and o the r s  (1964) evaluated t h e  q u a n t i t y  of ground 

water  a v a i l a b l e  f o r  i r r i g a t i o n  i n  t h e  Snake River bas in  i n  Idaho and i n -  

cluded a flow-net ana lys i s  of t h e  Snake P la in  aqu i fe r .  H i s t o r i c  streamflow 



d a t a ,  as  they r e l a r e  t o  a a r e r  use 232 i r r i g a % i o n  i n  t h e  Snake !?iber b a s i n ,  

a re  c o n t a ~ n e d  i n  r e p o r t s  by iinyt {1935) z n i  i i xons  ('93.3;. Other s t r ea r f?o i i I  

nraund-%'ate-r ?.evel,  and \water-qual i ty  d a t a  a r e  pslblis!led i n  a  s e r i e s  of 0 

U S. Geological Survey Nzter-Supply Papers 

The e a s t e r n  Snake River P la in ,  3 e r e i n  r e f e r r e d  t o  i s  the  Plain, ex- 

tends rough1.y 200 m ~ l e i  eastward a-d nortiieasrtiard from Bi-ss  t o  about Ashton 

( f i g  I )  It i s  a  broad undulat ing su r face  that i s  bounded sn t h e  north, 

e a s t ,  and soutih by mDun*aln ranges and hl :uvim-fi l ! .ed :ntermanzane v a l l e y s ,  

and on t h e  west by an a r e a  of  broad ,  lava-capped p1.atez.x. Tine rocks ~underly- 

ing  t h e  P l a x  a r e  a s e r i e s  o f  success ive  b a s a l t  ( l a v a ;  flows t h a t  inc lude  i n -  

t e r f iow beds of p r y o c l a s t i r  and sedimentary m a t e r ~ a l s .  T h ~ s  s e r l e s  conta ins  

+he Snake P la in  a q u i f e r ,  t h e  h ighes t  y i e ld ing  \ca ter -bearmg sequence 3f rocks 

i n  Idaho The Snake P la in  a q u i f e r  extends s h o r t  d i s t e n c e s  up sonc of ?he pe-  

r i p h e r a l  va l l eys  whleh join t h e  P la in  Its hsurdary  ( f i g .  l ) ,  as  drawn 

a r b i t r a r i l y  a? t h e  foo t  sf t h e  surrounding mountains and across  the  mouths of 

t h e  in tervenrng v a l l e y s ,  encompasses an a r e a  of about  9,600 square miles. 

The purpose s f  t h i s  r e p o r t  i s  t o :  [ i j  p r m i d e  a  q'~?;n'.itative es t im&te  

of t h e  d ~ s t r i b u t i o n  of i r r i g a t i o n  water  on t h e  P i a ~ n ;  ( 2 )  desc r ibe  t h e  

a v a i l a b l ? i t y  s f  water  f o r  3: t i f ic ial  recharge t a  t h e  Snake ? l a m  a q u i f e r ;  

( 3 )  ev6,luate t h e  ihemca!  compa t ib i l i t y  oi- :he recharge water  and t h e  rwte r  

i n  t h e  aqu i fe r ;  and (4' p r e d i c t ,  us ing  m m a l o g  mociei, t h e  e f f e x t s  of a r t i -  

f i c i a l  rechzrge on water l e v e l s  i n ;  and discharge from, t h e  a q u i f e r .  

Asknow?edgment s 

,An a p p r a s a l  s tudy of t h i s  kind i s  depe-dent on c o m ~ u t a t i o n i  der ived  

from voluminous bas;- records  c o l l e c t e d  by i z r rouu g o > w e m n e t i  agencies  

and p r i v a t e  companies The bulk of t h e  irrigation d a t a  used a r e  i n  a m u a i  

compi!ation r epor r s  made by t h e  Idaho S t a t e  i lepartnent  of Reclamation and 
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by Water D i s t r i c t s  36, 7-AB and 1 1 - A B .  The Northside Pumping Divis ion ,  

Minidoka P ro jec t ,  Rupert,  Idaho, and t h e  Snake River P l a i n  Development Of f i ce ,  

Boise, Idaho, both of  t h e  U .  S. Bureau of  Reclamation, furn ished  i r r i g a t i o n  

r eco rds .  Records on t h e  d i s t r i b u t i o n  of i r r i g a t i o n  water  on t h e  For t  Hall  

Indian Reservation were suppl ied  by t h e  Land Operations and I r r i g a t i o n  De- 

partment ,  Fort  Hal l  Agency of t h e  U .  S. Bureau of Indian A f f a i r s ,  Fo r t  Ha l l ,  

Idaho. The Big Wood Canal Co., Shoshone, Idaho, suppl ied  r e p o r t s  on d i s -  

t r i b u t i o n  of i r r i g a t i o n  water  t o  lands i n  t h e  northwestern p a r t  of  t h e  s tudy 

a r e a .  The Idaho Power Company, Boise, Idaho and t h e  Rexburg, Idaho Branch 

of t h e  Utah Power and Light Company, S a l t  Lake C i ty ,  Utah, provided records  

which were necessary t o  make e s t ima tes  of  ground-water pumpage f o r  i r r i g a t i o n  

on t h e  P la in ,  The authors  a r e  s i n c e r e l y  g r a t e f u l  t o  these  o rgan iza t ions .  

Special  acknowledgment i s  due M r .  Reid J .  Newby, Watermaster of  Water 

D i s t r i c t s  7-AB and 1 1 - A B  f o r  t ime and e f f o r t  s o  generously given i n  explan- 

a t i o n  of t h e  opera t ion  of  h i s  d i s t r i c t .  Thanks a l s o  a r e  given t o  t h e  many 

ind iv idua l s  and communities who allowed water - leve l  measurements t o  be  made 

and water samples t o  be c o l l e c t e d  i n  t h e i r  we l l s .  

The authors  a r e  p a r t i c u l a r l y  g r a t e f u l  t o  personnel  of  t h e  Geological 

Survey Analog-Model Unit ,  Pheonix, Arizona, who brought t h e  e l e c t r i c - a n a l o g  

model of t h e  Snake P la in  a q u i f e r  t o  i t s  present  l e v e l  of  development. 

STATUS OF IRRIGATION 

His tory  

Except f o r  t h e  r e l a t i v e l y  r ecen t  growth of t h e  nuc lea r  i n d u s t r y  a t  NRTS 

{National Reactor Tes t ing  S t a t i o n ) ,  t h e  economy of  t h e  P la in  i s  dependent 

almost wholly on a g r i c u l t u r e .  Because t h e  c l imate  is l a r g e l y  semiar id ,  t h e  

success of a g r i c u l t u r e  i s  dependent on t h e  a v a i l a b i l i t y  and management o f  

water  f o r  i r r i g a t i o n .  



I r r i g a t i o n  began on t h e  Pla in  i n  t h e  l a t t e r  h a l f  of t h e  n ine teenth  

century .  The Carey Act of 1894 and t h e  Federal Reclamation Act of 1902 pro-  

vided the  primary incent ives  and t h e  means f o r  a r a p i d  growth of i r r i g a t i o n  

i n  t h e  e a r l y  1900's. 

Most of t h e  e a s i l y  access ib le ,  a rab le  land on t h e  P la in  was developed 

by t h e  mid-1920's. The f irst  lands i r r i g a t e d  were those  t o  which water 

could be conveyed by g r a v i t y  flow i n  canals  ad jacen t  t o  the  s treams.  Since 

the  mid-1920's and continuing u n t i l  about the  l a t e  19401s,  a t ape r ing  o f f  

occurred i n  t h e  growth o f  i r r i g a t e d  acreage.  In t h e  l a t e  19401s,  a r e s u r -  

gence i n  land development was brought about by t h e  u s e  of ground water f o r  

i r r i g a t i o n .  By l a t e  1965, an est imated 43 percent  o f  a l l  i r r i g a t e d  land 

wi th in  the  P la in  was e i t h e r  wholly o r  supplemental ly suppl ied  by ground water  

pumped from wel ls .  The percentage continues t o  r i s e  because a rab le  lands 

t h a t  were formerly considered economically i n a c c e s s i b l e  f o r  i r r i g a t i o n  can 

now be supplied with water  from deep we l l s .  

Present  I r r i g a t i o n  

A s  of t h e  end of t h e  1965 i r r i g a t i o n  season,  an es t imated  1,510,000 

ac res  were i r r i g a t e d  wi th in  t h e  a r e a  shown on f i g u r e  1--910,000 ac res  by s u r -  

face-water d ive r s ions  and 600,000 ac res  by ground-water pumping. About 6 

percent  (52,000 acres)  o f  t h e  a r e a  i r r i g a t e d  by s u r f a c e  water  i s  supple-  

mented with ground water .  

The genera l ized  a r e a l  ex tent  o f  t h e  i r r i g a t e d  lands i s  shown on f i g -  

ure  I ,  C l a s s i f i c a t i o n  of t h e s e  lands as  t o  source  o f  i r r i g a t i o n  water  was 

done by gleaning information from county compilat ion maps, from previous ly  

compiled i r r i g a t e d - a r e a  maps, and from l imi ted  f i e l d  obse rva t ions .  

The boundaries of i r r i g a t e d  lands drawn i n  t h i s  r e p o r t  a r e  approximate, 

and the  water d i s t r i b u t i o n s  given a r e  e s t ima tes .  They were made s o l e l y  f o r  



uss i n  t h i s  s tudy of t h e  Snake P la in  hydrologic system. They do not  preclude 

t h e  need f o r  a  d e t a i l e d  q u a n t i t a t i v e  s tudy of water  use on t h e  P l a i n .  

Surface Water 

An average of about 6,600,000 a c r e - f e e t  of  su r face  water  i s  de l ive red  

annual ly t o  t h e  heads of  t h e  main canals  which d i s t r i b u t e  water  t o  t h e  lands 

c l a s s i f i e d  as  " i r r i g a t e d  by surface-water  d ivers ion"  on f i g u r e  1. (Note 

3 percent  of t o t a l  lands excepted below.) O f  t h i s  t o t a l ,  about 4,000,000 

a c r e - f e e t ,  o r  about 60 pe rcen t ,  seeps  i n t o  t h e  ground and recharges t h e  Snake 

P la in  aqu i fe r .  

Ino rde r  t o  summarize h e r e i n  t h e  d i s t r i b u t i o n  of  t h i s  tremendous volume 

of i r r i g a t i o n  water ,  t h e  lands c l a s s i f i e d  as  " i r r i g a t e d  by surface-water  d i -  

version" on f i g u r e  1 were subdivided i n t o  "groups" (designated by numbers 1-14) 

and "areas" (designated by l e t t e r s  A - G ) .  Lands along t h e  nor thern  boundary 

of t h e  P la in  t h a t  were not  included i n  e i t h e r  "groups" o r  "areas" account 

f o r  l e s s  than 3 percent  o f  t h e  t o t a l  lands i r r i g a t e d  by sur face-water  d ive r -  

s l o n  No attempt was made t o  desc r ibe  t h e i r  d i s t r i b u t i o n .  

An ana lys i s  of t h e  d i s t r i b u t i o n  of  i r r i g a t i o n  water  was made f o r  each 

pa rce l  of land subdivided as  above. The t o t a l  q u a n t i t y  of water  d i s t r i b u t e d  

t o  each subdiv is ion  was equated t o  t h a t  p a r t  of t h e  water  t h a t  leaves p lus  

t h a t  p a r t  of t h e  water  t h a t  remains i n  a  subdiv is ion .  That i s ,  t h e  sum of  

t h e  water t h a t  leaves ,  inc luding  (1) consumptive i r r i g a t i o n  requirements 

IJensen and Cr iddle ,  1962), (2) evaporat ion from water  su r faces  i n  t h e  main 

cana l s ,  and (3) waste water  re turned  t o  t h e  streams was combined with t h e  sum 

of t h e  water t h a t  remains, inc luding  (4) deep pe rco la t ion  l o s s e s  through 

canal  beds and (5) deep pe rco la t ion  from farm f i e l d s .  The two combined sums 

then were made t o  equal t h e  t o t a l  q u a n t i t y  of  water  d i s t r i b u t e d .  Est imates 

of water  volumes were made f o r  t h e  f i rs t  four  i tems above; t h e  f i f t h  i tem, 



then was computed t o  be the  d i f f e rence  between t h e  t o t a l  of t h e  f i r s t  four  

items and t h e  t o t a l  q u a n t i t y  of water d i s t r i b u t e d  t o  t h e  subdivis ion .  No 

d i r e c t  means were a v a i l a b l e  t o  ob ta in  values f o r  i tems 2 ,  3 ,  and 4 above; 

the re fo re ,  es t imates  of 5 percent ,  3 t o  20 pe rcen t ,  and 10 t o  30 percent ,  

r e spec t ive ly ,  were used. These e s t ima tes ,  based l a r g e l y  on fragmentary ev i -  

dence and on judgment, were var ied  i n  d i f f e r e n t  p a r t s  of t h e  P la in .  

Data used i n  t a b l e  1 were der ived  from the  annual records  compiled by 

. . vvater D i s t r i c t  36. Because l i t t l e  change has occurred  i n  t h e  d i s t r i b u t i o n  

system s ince  a c t i v a t i o n  of Pal i sades  Reservoir i n  1956, t h e  average annual 

(1956-65) f i g u r e s  shown i n  t a b l e  1 probably r e p r e s e n t  the  s t a t u s  of i rr i-  

gat ion  t o  da te .  In t a b l e  1, column 4 i s  t h e  average annual t o t a l  d ive r s ions  

a t  the  head of the  main canals  i n  each group and was obta ined  from records 

of flow measurements. Column 5 was obtained by d i v i d i n g  column 4 by the  

t o t a l  i r r i g a t e d  acreage i n  each group thus  column 4 d iv ided by column 5 gives 

the  average number of ac res  i r r i g a t e d  annually i n  each group. Column 6 was 

derived by ad jus t ing  column 5 f o r  e s t ima tes  of deep p e r c o l a t i o n  through canal  

beds, evaporation from t h e  canal  d i s t r i b u t i o n  system, and waste water r e t u r n  

t o  s treams,  and thus g ives  an es t imate  of t h e  volume of water  p e r  a c r e  spread 

on the  crops.  Column 7 i s  column 6 minus the  consumptive i r r i g a t i o n  r equ i re -  

ment and p lus  the  pe rco la t ion  los ses  through canal  beds .  I t  shows, f o r  each 

canal group, the  t o t a l  amount of water  p e r  i r r i g a t e d  a c r e  t h a t  recharges t h e  

Snake Pla in  a q u i f e r ,  and i n  some a reas  exceeds t h e  va lue  f o r  water  spread 

because canal lo s ses  a r e  s o  h igh .  

Data used i n  t a b l e  2 were der ived  from r e p o r t s  compiled by t h e  Big Wood 

Canal Co., and from records  c o l l e c t e d  by Water D i s t r i c t s  7-AB and 1 1 - A B .  The 

d i s t r i b u t i o n  breakdown i n  t a b l e  2 begins with t o t a l  d ive r s ions  a t  farm head- 

ga tes  (column 4)  r a t h e r  than  a t  t he  head of main c a n a l s ,  a s  i s  done i n  t a b l e  1. 



Therefore,  column 6 shows t h e  est imated deep pe rco la t ion  only from crop lands ;  

it does not include t h e  deep pe rco la t ion  from t h e  main c a n a l s .  The average 

annual t o t a l  d ivers ions  a t  t h e  head of t h e  d i s t r i b u t i o n  systems t o  t h e  l e t -  

t e r e d  "areas" A-F a r e  es t imated  t o  be  260,000 a c r e - f e e t ,  o r  7 . 3  ac re - f ee t  

pe r  ac re  from Magic Reservoir ;  and 422,000 ac re - f ee t  o r  7 .1  a c r e - f e e t  pe r  

a c r e ,  through t h e  Milner-Gooding Canal. 

Data a re  included i n  both t a b l e s  1 (column 8) and 2 (column 7) s o  t h a t  

d ive r s ions  f o r  1961, t h e  lowest year  i n  t h e  decade f o r  water  a v a i l a b i l i t y ,  

can be compared with the  average annual d ive r s ions .  Comparison shows t h a t  

t h e  d i s t r i b u t i o n  o f  water  t o  lands i n  t h e  l e t t e r e d  "areas" i s  considerably 

l e s s  during a low-water yea r .  Although not  a f f e c t e d  as g r e a t l y ,  lands i n  t h e  

numbered "groups" l o s t  from 0 . 0  t o  1.4 ac re - f ee t  p e r  ac re  i n  water  d i s t r i b u t e d  

t o  t h e  crops and from 0 .1  t o  1 . 7  ac re - f ee t  p e r  ac re  i n  water  recharged t o  t h e  

Snake P la in  a q u i f e r .  Although t h e  crops rece ived  enough water  f o r  growth, 

t h e r e  was a s i g n i f i c a n t  reduct ion  i n  recharge t o  t h e  a q u i f e r .  

Ground Water 

In 1965, an es t imated  2,100,000 a c r e - f e e t  of  water  was pumped from we l l s  

ti; i r r i g a t e  t h e  lands c l a s s i f i e d  as  " i r r i g a t e d  by,  o r  supplemented by ,  ground 

water" shown on f i g u r e  1. This amounts t o  about 3 . 3  a c r e - f e e t  p e r  ac re  p e r  

i r r i g a t i o n  season f o r  lands i r r i g a t e d  s o l e l y  by ground w a t e r ,  and about 1 . 8  

a c r e - f e e t  pe r  ac re  f o r  lands supplemented by ground water .  Of t h e  t o t a l ,  

aboct 1,100,000 a c r e - f e e t ,  o r  52 pe rcen t ,  of  the  pumped wa te r  r e -en te red  t h e  

ground as  r e t u r n  flow t o  t h e  Snake P l a i n  a q u i f e r .  The ground-water pumpage 

es t imates  were der ived  from d a t a  obta ined  from IPCo (Idaho Power Co.) and 

UPLGi; (Utah Power and Light Co.). The l i n e  sepa ra t ing  t h e  t e r r i t o r i e s  served  

by each power company i s  shown on f i g u r e  1. Figures 2 and 3 a r e  graphs show- 

ing  t h e  est imated gross  and n e t  pumpage (gross  pumpage minus consumptive 



FIGURE 2.--Estimated annual volumes of  ground water 
ed f o r  i r r i g a t i o n  on lands served 

by Idaho Power Company. 

FIGURE 3. --Estimated annual vol  e s  o f  groun 
pumped f o r  i r r i g  t i o n  on lands se rve  

t a h  Power an t Company, 



i r r i g a t i o n  requirements) i n  t h e  per iod  1955-65 f o r  lands served by the  IPCo 

and the  UPLCo, r e spec t ive ly .  

Estimated gross pumpage i n  the  IPCo t e r r i t o r y  was computed by mult iply-  

ing the  t o t a l  acres  annually i r r i g a t e d ,  e i t h e r  wholly with ground water o r  

supplemented with ground water ,  by 3.3 and 1 . 8  ac re - fee t  p e r  a c r e ,  r e spec t -  

i v e l y ,  The t o t a l  annual acreage was obtained through a  cumulative compilation 

made from l i s t i n g s  of t h e  number o f  (new) acres  brought under i r r i g a t i o n  each 

year  within the  indiv idual  IPCo d i s t r i c t s .  

Estimated gross pumpage i n  the  UPLCo t e r r i t o r y  was computed by applying 

the  t o t a l  annual KWH (ki lowatt-hours)  used t o  the  following formula: 

Eo V = 0 . 9 8 -  KWH 
h  

'Where V = pumpage i n  ac re - fee t  

h  = t o t a l  head (pumping l i f t  and discharge head) 

Eo = overa l l  wire t o  water  e f f i c i e n c y  

KWH = kilowatt-hours 

The annual KWH were t abu la t ed  f o r  subdivis ions  wi th in  the  t e r r i t o r y .  An aver- 

age h value was computed f o r  each subdivis ion  and an est imated Eo was used 

t o  apply the  formula. 

Approximations of ne t  pumpage f o r  both t e r r i t o r i e s  were made by us ing  

t h e  average annual percentage of pumped ground water t h a t  was consumed i n  a  

con t ro l  a rea ,  t he  Minidoka Northside P r o j e c t ,  U .  S .  Bureau of Reclamation, 

This percentage,  ad jus ted  t o  varying condi t ions  i n  the  o t h e r  a reas  of ground- 

water i r r i g a t i o n  on t h e  d i f f e r e n t  p a r t s  of the  P la in ,  then was appl ied  t o  t h e  

previously computed gross pumpage t o  ob ta in  n e t  pumpage. Because of above- 

normal r a i n f a l l  during t h e  1963 i r r i g a t i o n  season,  gross and n e t  pumpage, a s  

shown on f igu res  2 and 3,  a r e  down d e s p i t e  an inc rease  i n  ground-water irri-  

gated acreage. 









AVAILABILITY OF WATER FOR ARTIFICIAL RECHARGE 

The major sources of  water  f o r  a r t i f i c i a l  recharge t o  t h e  Snake P la in  

a q u i f e r  a r e  Snake River (upstream from Milner Dam) and Henrys Fork. Milner 

Dam marks t h e  l a s t  major g r a v i t y  d ive r s ion  po in t  on t h e  Snake River.  Except 

f o r  l imi t ed  r e l eases  committed t o  e l e c t r i c  power generat ion downstream, under 

t h e  p resen t  condi t ions  of i r r i g a t i o n ,  water  flowing p a s t  Milner can be con- 

s ide red  as  su rp lus  t o  t h e  upper Snake River reg ion .  

Other p o t e n t i a l  sources of  water  f o r  a r t i f i c i a l  recharge include t h e  

Big Wood River drainage i n  t h e  northwestern p a r t  and Blackfoot and Portneuf 

Ri,;ers i n  t h e  e a s t e r n  p a r t  of t h e  P la in .  Surplus f lood water  i s  a v a i l a b l e  

i n  most years  from t h e  Big Wood River drainage (Mundorff, 1962, p.  12) .  D i -  

vers ions  f o r  recharge from t h e  Blackfoot and Portneuf Rivers would reduce 

water  now a v a i l a b l e  f o r  s to rage  downstream, and probably would n e c e s s i t a t e  

some s o r t  of a water  exchange p lan .  

Only t h e  major sources o f  water  a r e  eva lua ted  h e r e ,  Figure 4 shows t h e  

loca t ion  of  these  water  sources and o t h e r  p e r t i n e n t  water-resource d a t a .  A s  

implied above, t h e  key po in t  i n  t h e  system i s  Milner Dam. Any excess s t ream- 

flow p a s t  t h a t  poin t  might have been d i v e r t e d  a t  some upstream po in t  f o r  

a r t i f i c i a l  recharge.  

A graph showing t h e  t h e o r e t i c a l  recurrence  i n t e r v a l  of  annual mean d i s -  

charge, based on 55 years  of  record of  t h e  Snake River a t  Milner ,  i s  shown 

i n  f i g u r e  5 .  The high degree of  r egu la t ion  of  t h e  r i v e r  above Milner r e -  

qui red  complete adjustment of t h e  streamflow d a t a  obtained a t  t h e  Milner gage 

( f i g .  4) t o  de r ive  t h e  curve on t h e  graph.  Unadjusted gaged flow a t  Milner ,  

m d e r  t h e  regula ted  condi t ions ,  ranged from 2 c f s  (cubic f e e t  p e r  second) t o  

as  much as  40,000 c f s .  The compilation f o r  t h e  graph was based on monthly 

discharge records t h a t  were ad jus t ed  f o r  s to rage  and d ive r s ion  t o  convert  them 



t o  t h e  1956-65 condir ions of r i v e r  c o n t r o l .  In making the  conversion, r e  

l ea se  of  wazer p s t  ?.ii?-ir was assumed on l y  when upstream s to rage  %;as f u l l  

and est imated d i v e r s i o ~  needs were met. The lower, i n i t i a l  p a r t  of  the  cur~ve 

i n  f i p r e  5  i s  P l a t  because, under t h e  assumed c o n d i s i ~ n s ,  i n  15 of tile 55 

years  of r eco rd ,  v i r t u & i i y  no waxer :ioilid have s p i i i e d  p a s t  ?!iiner, i n  a i l  

55 years  of record ,  no water  would have s p i i i e d  p a s t  blilner i n  August, 

September, October, o r  Kovenber. In August and September, d ive r s ions  f o r  

i r r i g a t i o n  always e x i e ; d r d  inf low t o  t h e  r e s e r v o i r s  ; t h a r  i s ,  more x a t e r  was 

g i iqg  our of s to rage  than  *as co-^ilny i n t o  s t o r a g e ,  i n  October and ?:ovember 

' .  
space w2s al-naps avalia-bie i n  upstream r e s e r v o i r s  because of  withdrawals 

frcm s to rage  made during t h e  previous i r r i g a t i o n  season.  Reirase of  water 

would have been necessary i n  180 months dur ing  t h e  55-year pe r iod  and would 

haze occurred most o i r e n  i n  A p r i l ,  foliowed by May, March, June ,  February, 

January, December and July 

-1 lne graph shoxs rho s t a t i s t i c a i  frequency of  strearnflow p a s t  Milner 

and, t h e r e f o r e ,  t h e  probable ava i ! a%i l i ty  of f o r  a r z i f i c i a l  recharge 

For examnle, as  sl̂ ,o.in or- t ho  graph,  an annual mean d ischarge  of  about 1 ,750  

cfs  1 .3  !n i l l ion  acre-fee:) Cir irorc sccu r s  a r  a r a t e  of once every 2 

yea r s ,  i n d i c a t i n g  a  50 percent  p r c b a b i l i t y  t 'na t r rhe  sane d ischarge  may be 

e -u r l l ed  Y -  o r  exceeded i r ~  any i ye;-r. I r  should be  recognized,  when us ing  t h e  

~ ' 

ora?h, t n a t  tk*e . ;re~;cted prob&iiity o f  flows does not  i n  any way i n d i c a t e  - 
t h e  time of occurrerce bat  only t h e  - ; robab i l i t y  of  r e u r r e n c e  i n  p e a r s .  

In a c t u a l  p r a c t i c e ,  t h e  r e l e a s e  of water  past X l n e r  occurs  in p a t t e r n s  

d i f f e r e n t  from t h e  t h e o r e t i c a l  m n r h l y  de terminat ions  s t a t e d  above. Pihen 

i t  i s  an t ic ipased  t h a s  streamflow wiil nore than  f i l l  t h e  remaining r e s e r v o i r  

capac i ty ,  water i s  r e l eased  t o  c r e a t e  space f o r  t h e  expected inf low.  Also 

s to rage  space is reserved  t o  l e s sen  f lood hazards and,  dur ing  \winter months, 



CURRENCE INTERVAL, IN YEARS 

R I - r rence  i n t e r v a l  o f  annual mean d i s cha r  
nake River a t  Milner,  Idaho. 



t o  prevent  damage by i c e .  Therefore,  r e l eases  may occur a t  almost any time 

of t h e  yea r ,  depending on t h e  judgment of t h e  watermaster .  The most opportune 

time t o  a r t i f i c i a l l y  recharge t h e  a q u i f e r  would co inc ide ,  of  course ,  with t h e  

dec is ion  t o  r e l e a s e  su rp lus  water  a t  Milner.  

The recurrence  i n t e r v a l  of  annual mean d ischarge  i n  t h e  upper nor th-  

e a s t e r n  p a r t  of t h e  P la in  i s  shown f o r  Snake River near  Heise ( f i g ,  6 )  and 

Henrys Fork nea r  Ashton ( f i g .  7 ) .  Discharges used t o  draw t h e  curves on those  

graphs were ad jus ted  f o r  s to rage  changes and evapora t ion  from upstream r e s -  

e r v o i r s ;  they  were not  ad jus ted  f o r  d ive r s ions .  

Average streamflows f o r  t h e  per iod  1955-65 i n  t h e  Snake River and i n  

Henrys Fork and i t s  t r i b u t a r i e s  a r e  shown on f i g u r e  4 by width of  shaded pa t  

t e r n  along the  s treams.  The average flows shown a r e  based on unad3usted 

d ischarges  measured a t  gaging s i t e s .  

AQUIFER DISCHARGE Ah'@ STORAGE 

Artificial recharge should inc rease  both d ischarge  and s to rage  of  ground 

water  i n  t h e  Snake P la in  a q u i f e r ,  The r e l a t i v e  magnitude of i nc reases  i n  

e i t h e r  the  r a t e  of n a t u r a l  d ischarge  o r  t h e  q u a n t i t y  of  water  i n  s to rage  w i l l  

depend on both t h e  loca t ion  and t h e  volume of water  recharged.  For example, 

water appl ied  adjacent  t o  a  po in t  of n a t u r a l  d ischarge  would i n c r e a s e  d i s -  

charge promptly, but  might have l i t t l e  e f f e c t  on s t o r a g e .  To maximize s to rage  

b e n e f i t s ,  recharge s i t e s  should be loca ted  a s  f a r  a s  poss ib l e  from t h e  r i v e r  

o r  sp r ings ,  cons i s t en t  with s t o r a g e  nea r  o r  movement t o  p o i n t s  o f  planned 

withdrawal 

Ground-Water Discharge 

Most of t h e  n a t u r a l  ground-water discharge from t h e  Snake P l a i n  a q u i f e r  

occurs from two groups o f  sp r ings  along t h e  Snake River .  The easternmost  group, 

extending from t h e  mouth of t h e  Blackfoot River t o  a  s h o r t  d i s t a n c e  below 



FIGURE 6.--Recurrence i n t e r v a l  of  annual mean d i scharge  
of  Snake River  n e a r  Heise ,  Idaho. 

TERVAL, IN YEARS 

FIGURE 7.  --Recurrence i n t e r v a l  of  annual  mean d i scharge  
of  Henrys Fork n e a r  Ashton, Idaho,  
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American F a i l s ,  accaunts f o r  a3out 28 percent  of t h e  t o t a l  drsoharge,  o r  about 

1. 8 ? . ; +  , L  l i on  ac re  -fee?. pe r  year  (1954-65 average) The westemmost group, ex- 

tending from below Mllner t o  King X i i i ,  accounts f o r  about 7 2  percent  of  t h e  

r o t a 1  d ischarge ,  o r  about 4 . 7  mi l l i on  ac re - f ee t  p e r  y e a r  A t h i r d  minor group 

of sp r ings  a t  t h e  eas t e rn  end of Lake IGaicott and extending  a  s h o r t  d l s t ance  

ups-ream accounts f o r  l e s s  than I  percent  of t h e  t o t a l  d ischarge .  

Most of t h e  water from t h e  easternmost s p r i n g s  d ischarges  i n t o  t h e  r i v e r  

above Amerrcan Fa l l s  dam and i s  captiired i n  t h a t  r e s e r v o i r  Nost of  t h e  water  

f r ~ n  the  westernmost sprrngs flows i n t o  Snake R v e r  and out  of  t h e  e a s t e r n  

Snake R h e r  P la in  a r e a .  Only a  small  p a r t  i s  used coiisumptiveiy by i r r r g a - .  

t i a n  along t h e  batcornlands i n  t h e  Snake River canyon 

His to r sca i  a m u a l  mean d ischarges  of t h e  two major  s p r i n g  groups a r e  

shown hy graphs i n  f i g u r e  5 .  Total  flow i n  t h e  eas ternmost  sp r ings  was de- 

t e r m x e d  by deducting t h e  Snake River fiow nea r  Blackfoot from t h e  flow a t  

Neele)- Ad]ustmen:s were made f o r  changes i n  s t o r a g e  i n  American F a l l s  Res- 

e r v o l r  and f o r  Portneuf River inf low. 

Because t h e  spr ing  flow (aqu i fe r  d l scha rge j  from t h e  westernmost s p r i n g s  

i s s u e s  only frm t h e  nor th  s l d e  of t h e  r i v e r *  t h e  t o t a l  flow o f  t h i s  group 

was somewhat more difficult t o  deduce In add i t lon  t o  s u b t r a c r ~ n g  t h e  Snake 

R n e r  f131x a t  1.ll;ner from t h e  flow a t  King H i l l ,  t h e  fol iowrng volumes of  

~ n f i o w  had t o  be sub t r ac t ed :  1) n a t u r a l  su r face  in f low from t h e  no r th  and 

E ~ U Z ~  s i d e s ;  2') iqflow from su r face  wasteways an t h e  north and south  s i d e s ;  

mi: 3j subsurface inflow from che south  s i d e  The remainder  was cons idered  

t o  be t h e  t o t a l  discharge from t h e  westernmosr s p r i n g s .  

Changes l n  Ground.iVater Srorage 

A r i s l n g  water ievei I n  an observa t ion  well  deno tes  an i n c r e a s e  1n t h e  

quanrli-y of &rater  i n  s to rage  i n  an a q u i f e r ,  whereas, a  d e c l i n i n g  water  ievei 





denotes  a  decrease i n  t h e  q u a n t i t y  of  n a t e s  he ld  i n  s to rage .  Some reasons f o r  

water-ieve! changes ir wel l s  Sr. p a r t s  of t h e  Snake P la in  a q u i f e r  were explain-  

ed by Mundorff and o the r s  (1964, p .  163-169). 

Hydrographs of water - leve l  changes i n  16 s e l e c t e d  observat ion wel l s  i n  

t h e  Snake P l a i n  a q u i f e r  i l ?us"ca te  changes i n  t h e  quantity- of ground water  

he ld  i n  s to rage  i n  d i f f e r e n t  p a r t s  of  t h e  a q u i f e r ,  (See f i g .  4 and t a b l e  3.) 

Inspec t ion  of  t h e  hydrographs, some of  which a re  n o t  shown i n  f i g u r e  4 ,  r e -  

vea l s  t h a t  from t h e  e a r l y  1950's t o  t h e  middle 1960's water  l e v e l s  dec l ined  

about 10 t o  20 f e e t  over  an a rea  of  roughly 2,000 square  mi l e s .  The genera l  

dec l ine  [assuming t h a t  t h e  few we l l s  f o r  which records  a r e  a v a i l a b l e  a r e  rep-  

r e s e n t a t i v e  of  the  e n t i r e  aqu i fe r )  took p lace  i n  t h e  southwestern p a r t  of  t h e  

a q u i f e r  no r th  of t h e  Snake River ,  i n  southeas tern  Lincoln County, e a s t e r n  

Jerome County, Minidoka County, and t h e  southern panhandle of  Blaine County, 

The d a t a  permit only t h e  c rudes t  es t imates  of  change i n  ground-water 

s to rage ,  but the  decrease appears t o  be i n  t h e  neighborhood of  2 mi l l i on  acre-  

f e e t  i n  about a  12-year per iod .  Subsequent t o  1965, ground-water l e v e l s  show 

a  s l i g h t  upward o r  l e v l i n g - o u t  t r e n d  i n  those  same coun t i e s .  

QUALITY OF WATER 

In any a r r i f i c i a d - r e c h a r g e  p r o j e c t  where waters  from two d i f f e r e n t  en- 

vironments a r e  t o  be mixed, t h e  chemical c h a r a c t e r  o f  both  should be known. 

This may enable p red ic t ion  of  p r o b l e m  t h a t  may a r i s e ,  and, thereby enable 

px~3venti>ii C e p s  t o  be taken ,  Figure 3  d e p i c t s  an o v e r a l l  a p p r a i s a l  of  t h e  

chmic; i  q u a l i t y  o f  t h e  su r face  and ground waters o f  t h e  e a s t e r n  Snake R i v r  

P ia i r  a rea .  Tne s i g n i f i c a n c e  of  t h i s  a p p r a i s a l  i s  as fo l lows ,  

Surface  Water 

In many p a r t s  of t h e  Snake Rives b a s i n ,  i r r i g a t i o n  r e t u r n  flows have 

increased  appreciably t h e  d i s so lved- so l ids  and t h e  sodium content  o f  t h e  



Table 3.--Observation-well da ta  

Land su r face  
a l t i t u d e  Depth of  well  

Well (Feet above (Feet below 
number Location mean s e a  l e v e l )  land su r face )  

1 SELNEL s e c .  11, T. 9 N . ,  R .  34 E .  4955* 192 

2 SE$NGVL sec .  34, T. 7 N . ,  R .  31 E .  4848.8 320 

3 NWLSWL s e c .  20, T. 7 N . ,  R .  35 E .  4818.2 5 8 

4 NW%+SEL s e c .  23, T. 7 N . ,  R .  38 E .  4852.4 236 

5 SELNWk sec .  9 ,  T. 5 N . ,  R .  34 E .  4791.3 553 

6 SEkNEL sec .  14, T. 3 N . ,  R .  29 E .  4917.9 588 

7 NWkNWk sec .  30, T. 1 N . ,  R .  29 E .  5066.9 704 

8 SWLSWL sec .  1, T. 1 N., R .  36 E .  4674.0 217 

9 NW$&WL s ee .  6 ,  T. 4 S. ,  R .  24 E .  4493.4 445 

10 NWhSWL sec .  3, T. 4 S . ,  R .  33 E .  4447.9 53 

31 SW%+&EL sec .  26, T. 5 S . ,  R .  17 E. 3972.6 254 

12 NW&i&EL s ec .  27, T .  5 S . ,  R .  31 E .  4399.8 46 

13 SW&i&WL s e c .  16, T .  8 S . ,  R .  14 E .  3175.3 5 3 

14 NELKWL s e e .  2,  T. 8 S . ,  R .  23 E .  4263.6 2 90 

15 NW%iEL s e c .  27, T. 8 S . ,  R .  26 E .  4238.5 225 

16 NELSEL s e c .  1, T. 9 S. ,  R .  20 E .  4211.3 400 

* Altimeter  determinat ion 

su r face  waters .  However, most of t h e  water  i s  s t i l l  s a t i s f a c t o r y  f o r  i r r i g a -  

t i o n  of t h e  crops being grown; b u t ,  i n  some a r e a s ,  t reatment  would be r equ i red  

before  t h e  water could be used f o r  municipal o r  i n d u s t r i a l  supply.  Some de- 

t e r i o r a t i o n  of  water  q u a l i t y  should be expected and could become a problem i n  

the  f u t u r e  i f  l a r g e  inc reases  i n  i r r i g a t i o n  occur .  

The headwaters o f  most t r i b u t a r i e s  e n t e r i n g  t h e  Snake River  P l a i n  a r e  

of  t h e  calcium bicarbonate  type and a r e  r e l a t i v e l y  d i l u t e ,  conta in ing  160 mg/l 



(milligrams p e r  l i t e r j  d i s so lved- so l ids  o r  l e s s .  Dissolved-sol ids  conrent 

and percent  sodium inc rease  markedly downstream, l a r g e l y  a s  a r e s u l t  of irri- 

ga t ion  use .  However, waste d i s p o s a l ,  mineral ized sp r ing  flow, and evaporat ion 

a l s o  c o n t r i b u t e  t o  the  downstream i n c r e a s e .  The d i s so lved- so i ids  conrent i n  

some streams en te r ing  t h e  Snake River i s  a s  much a s  seven times g r e a t e r  than 

t h a t  i n  t h e i r  headwaters (Laird,  1964, p .  1 ) .  

Naters  i n  t h e  major t r i b u t a r i e s  e n t e r i n g  t h e  Snake River from rhe  no r th  

a r e  of t h e  calcium-magnesium bicarbonate  type ,  with small  concent-rations of 

sodium, c h l o r i d e ,  and s u l f a t e .  Thei r  d i s so lved- so l ids  content  r a g e s  from 

l e s s  than 100 t o  s l i g h t l y  more than 300 mg/l and averages l e s s  than 250 mg/i. 

The sodium percentage normally averages l e s s  than 25.  

Waters i n  t r i b u t a r i e s  e n t e r i n g  t h e  Snake River from the  sowth ars 

commonly more h ighly  mineral ized than t h e  nor thern  waters  and h a m  l a r g e r  

percentages of sodium, ch io r ide ,  and s u l f a t e .  The h ighe r  d i s s o i ~ e d - . % l i d s  

content  i s  a t t r i b u t e d  t o  a  combination of  s e v e r a l  f a c t o r s ,  i i ? ~ ; u d i ~ g  m:,,?i" 

a r i d  cond i t ions ,  more ex tens ive  i r r i g a t i o n ,  r e l a t i v e l y  h ighe r  s a l ?  .:m.-.ent 

i n  t h e  v a l l e y - f i l l  sediments,  and con t r ibu to ry  flow from mine ra l i i zd  ;?r:.ng 

discharge .  

The main stem of  t h e  Snake River shows downstream chznyes ic chemica!. 

q ~ x ~ l i t y  which r e f l e c t b o t h  man's use and t h e  e f f e c t s  of  waters  of d l f f e r e r i t  

n a t u r a l  q u z l i t y  en te r ing  t h e  s t ream.  Samples c o l l e c t e d  dtiring a low-flow 

period i n  1965, i n  t h e  reach from t h e  Idaho-Wyoming border  r o  h i ,  Xaha,  

showed a  progress ive  inc rease  i n  both SAR (sodium-adsorption r a t s c j  and d l s -  

so lved-sol ids  content  (McConnell, 1967).  The SAR inc reased  from 0 ~ 2  t o  1.5 

and d isso lved  s o l i d s  increased  from about 175 t o  more than 400 ng',  Belo;x 

Biihl, t h e  d i s so lved- so l ids  content  decreased t o  340 mgil because of :n i iow 

of  l e s s  mineral ized s p r i n g  wa te r .  



In p a r t s  of t h e  Henrys Fork b a s i n ,  unusual ly high concent ra t ions  of 

f l u o r i d e  occur ,  Laird (1964, p .  14) repor ted  concent ra t ions  of  more than 

4 mg/l i n  p l aces .  Fluoride content  i n  Henrys Fork, from I s l and  Park Res- 

e r v o i r  t o  i t s  mouth, ranged from 1 . 4  t o  1 .8  mg/1. The h igher  f l u o r i d e  

concent ra t ions  occur i n  streams d ra in ing  t h e  volcanic  rocks i n  t h e  nor thern  

and eas t e rn  p a r t s  of t h e  bas in .  

L i t t l e  i s  known of t h e  sediment- transport  c h a r a c t e r i s t i c s  of  t h e  

streams on t h e  Snake River P la in .  Rainwater (1962) de l inea ted  t h e  a r e a  i n t o  

zones of average annual discharge-weighted mean concent ra t ions  of  suspended 

sediment Those zones covered t h r e e  ranges:  l e s s  than 270 mg/l, 270-1900 

mg/l, and 1900-5600 mg/l. The zones of  h ighes t  concent ra t ion  were i n  t h e  

southwest corner  of  t h e  s tudy a rea  and i n  a  wide band nor th  o f  t h e  Snake 

R i ~ e r  and west of Henrys Fork, extending from nea r  Ashton t o  King H i l l .  The 

zones of lowest concent ra t ion  covered t h e  upper reaches of t h e  t r i b u t a r i e s  

from t h e  no r th  and nor theas t  and a  narrow s t r i p  along t h e  Snake River up- 

stream from Burley. 

Measurements of suspended-sediment concent ra t ion  were made by t h e  U. S. 

Geological Survey and t h e  U. S, Bureau of Reclamation a t  s i t e s  ( f i g .  9) on 

seve ra l  streams on t h e  Snake River P la in  dur ing  t h e  per iod  1960-66. The d a t a  

obtained a r e  from spot  measurements and a r e  summarized i n  t h e  fol lowing t a b l e :  

S t a r ion  Days Observed concent ra t ion  (mg/l) 
Number S t a t i o n  Sampled Maximum Minimum 

13-375 Snake River nea r  Heise 
13-505 Henrys Fork a t  S t .  Anthony 
13-550 Teton River near  S t .  Anthony 
13-600 Snake River nea r  Shel ley  
13-693 Snake River nea r  Blackfoot 
13-755 Portneuf River a t  Poca te l lo  
?3-770 Snake River a t  Neeley 
11-1170 Birch Creek nea r  Reno 



Although these  d a t a  a r e  i n s u f f i c i e n t  t o  give conclusive r e s u l t s ,  they 

do i n d i c a t e  t h a t  the  concent ra t ion  shown on the  map by Rainwater (1962) may 

be somewhat high i n  p laces .  

Ground Water 

The chemical cha rac te r  o f  t h e  ground water  i n  t h e  Snake Pla in  a q u i f e r  

i s  determined p r imar i ly  by t h e  chemical cha rac te r  o f  t h e  water  recharging t h e  

a q u i f e r .  Most water en te r ing  t h e  P la in  on t h e  nor th  and recharging the  a q u i f e r  

[ f i g ,  9) has  a  d issolved-sol ids  content  averaging l e s s  than about 250 mg!l. 

Ground water  i n  the  down-gradient p a r t  o f  t h e  P l a i n  and d i s t a n t  from i r r i g a t e d  

a reas  a l s o  conta ins  l e s s  than 250 mg/l d isso lved s o l i d s ,  i n d i c a t i n g  t h a t  n a t -  

u r a l  i nc reases  from d i s so lv ing  of minerals  i n  t h e  b a s a l t  a q u i f e r  a r e  s l i g h t .  

The g r e a t e s t  change i n  t h e  chemical q u a l i t y  of t h e  ground water  i n  t h e  

a q u i f e r  occurs probably a s  a  r e s u l t  o f  recharge from i r r i g a t i o n  water ,  The 

i s o p l e t h  l i n e s  shown i n  f i g u r e  9  enclose  a reas  where most of t h e  ground waters  

sampled conta in  more than 250 mg/l d isso lved s o l i d s .  Those a reas  coinc ide  

c l o s e l y  with a reas  of i r r i g a t i o n .  

As i r r i g a t i o n  water pe rco la t e s  through t h e  s o i l s ,  leaching and ion-ex- 

change reac t ions  take  p lace .  When t h e  water  reaches t h e  a q u i f e r ,  it conta ins  

a l a r g e r  percentage of ch lo r ide ,  s u l f a t e ,  and sodium and a  sma l l e r  percentage 

of bicarbonate than o r i g i n a l l y .  Figure 10 shows diagrams which compare t h e  

d i f f e r e n t  waters .  In t h e  i r r i g a t e d  a r e a s ,  t h e  sodium content  of ground waters  

ranges from l e s s  than 10 t o  more than  60 percent  o f  t h e  d issolved ca t ions  and 

su l fa t e -p lus -ch lo r ide  content  ranges from I0 t o  70 pe rcen t  of t h e  d i s so lved  

anions ,  Where the  ground water  i s  not  a f f e c t e d  by recharge  from i r r i g a t i o n ,  

t h e  percentage of sodium, and of s u l f a t e  p l u s  c h l o r i d e  i s  usua l ly  much l e s s .  

The NRTS discharges waste water  underground i n  t h e  a r e a  e a s t  of 

Arco, Idaho, but  the  gross  chemical e f f e c t s  a r e  small  compared with those  of 



0 k 
a, * 
+J w 
cd a, 
3 M a 
a c, 
C F 
3 a 
0 U 
k k 
Ma, 

a P; 

0 0 5 .5 
0 - 0 - s4 m 

a, F 
+J 0 
cd .d 
3 0 
.d 

a, 0, 
M 0 
k F4 
cd E 
C 0 
U U 
a, 
k qi 

0 
qi 
0 rO 

0 a, 
X M 
+J G 
.d id 



i r r i g a t i o n -  The chemical cha rac te r  of  water  c o l l e c t e d  from i n  t h e  RRTS 

s h m s  canciderable  v a r i a t i o n  both l a t e r a l l y  and v e r r i c a l l y  wi th in  t h e  a q u i f e r ,  

The di.ssol:ed-solids content  of ground w r e i  sampled i n  t h a t  a r e a  ranges from 

l e s s  than 250 t o  about 1,000 mgjl .  

In genera l ,  bodies o f  r e l a t i v e l y  more s a i i n e  ground water  caused by 

i r r i g a t i o n  o r ,  o f  much l e s s e r  e x t e n t ,  by r%,aste d i s p o s a l ,  do not  seem t o  move 

o7eat d i s t a n c e s  before  d i l u t i o n  occurs e i t h e r  l a t e r a l l y  o r  along t h e  d i r e c t i o n  0- 

of f?gw wi th in  t h e  a q u i f e r  A l l  - a m p l e  - c o l i e c t e d  from wa l l s  i n  t h e  c e n t r a l  

par: of t h e  P l a i n  have d i s so ived- so l ids  concent ra t ions  s f  l e s s  than 250 mg;;. 

I r r a g a t i o n  i n  t h e  a g r ~ c u l t u r a i  a r e a  between American F a l l s  and Twin 

F a l l s  apparent ly  has a f f e c t e d  m a t e r i a l l y  t h e  underlying ground water,. This 

i s  ind ica t ed  by t h e  f a c t  t h a t  t h e  mineral content  of  some s p r i n g s ,  such as 

Ee:11*s Washbowl (SWL s e e ,  34, T. 9 S., R .  18 E.) whose flow i s  mostly a f f e c t -  

ed by i r r i g a t i o n ,  i s  about twice t h a t  of  some o t h e r  sp r ings  f u r t h e r  downstream 

i n  most a reas ,  t h e  d i s so lved- so l ids  content  of  t h e  ground water- seems 

ncw t o  be r e l a t i v e l y  constanz with r ime.  However, t h e r e  probably was a  r e l -  

a t i v e l y  l a rge  iwcrezse i n  d ~ s s o l v e d  s o l i d s  w i t h  t h e  f l r s t  massive app l i ca t ion  

of i r r i g a t r o n  water  in t h e  l a t e  1800% and e a r l y  i 9 0 0 ' s  but  t h i s  cannot be  

proved because p r e - i r r i g a t i o n  chemical d a t a  a r e  l ack ing ,  

Sr-,imd-water samples were c o l l e c t e d  periodically i n  i r r i g a t e d  a reas  

ober the  1%-yea- period 1939-66. Chemical am:yses o f  t h e s e  samples i n d i c a t e  

t h a t  t h e  q u a l i t y  of water  has  changed l i t t i e  sin;e 1949. Also, t h e  d i s so lved-  

s c l r d i  content of  water fzom t h e  sprangs a; t h e  lower end of rhe P la in  v a r i e s  

only s l l g h t l y  as  i s  i nd ica t ed  by t h e  small  range i n  spec i f ic -conductance  

vs iues  of sa:er f r f j m  T\- J i ~ - d n d  ,c- Springs shorn by t h e  graph i n  f i g u r e  11. None 

of t h e  springs has shown s c o n s i s t e n t  t r e n d  toward e i t h e r  i nc reas ing  o r  d e -  

c reas ing  disio;.\-id s o l i d s  i i i t h  t i n e .  





The a v a i l a b l e  d a t a  a r e  not  s u f f i c i e n t l y  comprehensive t o  def ine  pre-  

. . c i s e l y  t h e  e f f e c t s  of i r r i g a t i o n ,  s i n c e  i t s  i n i t i a t i o n  t o  t h e  p resen t  day, 

on t h e  q u a l i t y  o f  water  i n  t h e  Snake P la in  a q u i f e r  system. However, based 

on comparison o f  chemical samp!ing done wi th in  t h e  l a s t  20 yea r s ,  it seems 

t h a t  a  very l a r g e  expansion i n  i r r i g a t e d  acreage could be e f f e c t e d  without 

i nc reas ing  s a l t  concent ra t ions  i n  t h e  ground water  t o  a  hazardous l e v e l .  O f  

22  water samples c o l l e c t e d  i n  1966 throughout t h e  Snake P la in  a q u i f e r ,  only 

one ifram a we:!. i n  t h e  NE% s e c .  33, T 9 S . ,  R .  2 2  E . #  f i g  9: had p m p e r -  

t i e s  t h a t  may c o n s t i t u t e  a  s a l i n i t y  hazard t o  crops t h a t  do nor have a  good 

s a l t  r ~ ~ e r a n c e  and t h a t  a r e  grown on s o i l s  wizh r e s t r i c t e d  drainage 

Water Qual i ty  and A r t i f i c i a l  Recharge 

Predice ions  based on t h e  r e a c t i o n s  t h a t  may occur when two d i f f e r e n t  

waters a r e  mixed i n  an a q u i f e r  could cover p r a c t i c a l l y  t h e  e n t l r e  secpe of  

~ o i l - . ~ a t e r  chemistry.  Monitoring systems s e t  up a t  a c t u a l  artificial-recharge 

s i t e s  a re  perhaps t h e  only p o s i t i v e  means by which changes might be determined. 

Establishment of such monitoring systems and t h e  r e s u l t s  obta ined  through 

t h e i r  use,  a r e  discussed rn  a  s e r i e s  of  r e p o r t s  by S n i e g o c k ~  and Reed (19631; 

Sniegocki and o thers  (1903, 1965);  and Sniegocki ( i963a,  1903bi iY64), Re- 

p a r t s  by P r i ce  :1961) and by P r i ce  and o the r s  (1905) a l s o  d i scuss  m i e r  

chemistry in r e l a t i o n  ;o a r t i f i c i a l  recharge and dea l  specrfical!y with ba- 

s a l r  hydmiagy:  

Some phys ica l ,  chemicai ,  and b a c r e r i o l o g i c a l  p r o p e r t i e s  of  water t h a t  

may a f f e c t  z i g n i f i c a n c i y  an artificial-recharge program a r e :  j i j  suspended 

sed~men: , (21  entrapped gasses ,  (3) chemrcai p r e c i p l t a t l o n ,  (41 :emperacme, 

and (5) b a c t e r i a  and a lgae .  The probable s i g n i f i c a n c e  o f  t h e s e  p r o p e r t i e s  

i n  a r r i f i c i a l  recharge p r a c t i c e s  a r e  d iscussed  i n  t h e  foregoing r e fe rences .  

They may o r  may not have an e f f e c t  on a r t i f i c i a l  recharge i n  t h e  Snake P la in  



a q u i f e r ,  bu t  they  do warrant cons idera t ion  

Although a ca re fu l  and comprehensive a n a l y s i s  of t h e  e f f e c t  of chemical 

r eac t ions  between d isso lved  c o n s t i t u e n t s  i n  t h e  su r face  water  t o  be used f o r  

a r t i f i c i a l  recharge and t h e  na t ive  waters i n  t h e  Snake P la in  aqu i fe r  i t s e l f  

was beyond t h e  scope of  t h i s  r e p o r t ,  no se r ious  problems a r e  foreseen.  I t  

seems t h a t  t h e  recharge water  most l i k e l y  would be compatible with t h e  ground 

water i n  both i r r i g a t e d  and non i r r iga t ed  p a r t s  of  t h e  P l a i n .  (See f i g ,  10.)  

Even though some of t h e  ground water i n  i r r i g a t e d  p a r t s  of t h e  a rea  conta ins  

more sodium, s u l f a t e ,  and ch lo r ide  ions  than t h e  su r face  waters ,  a mixing of  

t h e  two probably would not  cause s i g n i f i c a n t  chemical p r e c i p i t a t i o n .  

The approximate range i n  ground-water temperatures  i s  from lo0  t o  16O 

Cels ius  (50' t o  60° Fahrenhei t ) .  Depending on t h e  time o f  a p p l i c a t i o n ,  t h e  

recharge water  a t  t h e  land su r face  may be as  much as  IS0 Ce l s ius  (27O Fahr- 

enhe i t )  cooler  than t h e  ground water .  This temperature d i f f e r e n c e  could 

e f f e c t  a r e s i s t a n c e  t o  mixing and thus  cause dens i ty  l aye r ing  of  water  i n  t h e  

a q u i f e r ,  wherein t h e  co ld  recharged water  would tend t o  seek t h e  lower l e v e l s .  

The cold water  a l s o  would be more viscous and thus  slow down t h e  process  of 

recharge,  

Monitoring of  t h e  suspended-sediment content  of  t h e  recharge water  i s  

advisable .  I d e a l l y ,  water  used f o r  a r t i f i c i a l  recharge ,  e s p e c i a l l y  f o r  i n -  

jec t ion  through we l l s ,  should be f r e e  of  suspended sediment.  Although t h e  

openings i n  t h e  b a s a l t  a q u i f e r  may be l a rge  enough t o  c a r r y  sediment away from 

t h e  recharge s i t e s ,  accumulations o f  sediment eventua l ly  could reduce t h e  

a b i l i t y  of t h e  a q u i f e r  t o  accept  recharge ,  as  previous ly  s t a t e d .  For example, 

a suspended-sediment load of  80 mg/l, t h e  maximum observed concent ra t ion  f o r  

Henrys Fork a t  S t .  Anthony (p.  25) ,  amounts t o  about 11,000 tons  pe r  100,000 

ac re - f ee t  of water .  A t  p laces  where t h e  danger of  clogging by sediment i s  



g r e a t ,  t h e  problem can be minimized o r  e l iminated  by p u t t m g  sediment t r a p s  i n  

t h e  conduit betmeen t h e  sources of recharge w a t e r  and t h e  s i t e s  of i n j e c t i o n i  

The fol lowing a r e  c o n c i u s ~ o n s  reached regarding t h e  c h e m ~ c a l  q u a l i t y  of 

t h i s  water :  

1 The chemical q u a l i t y  of  su r face  and ground waters i n  t h e  Snake River 

P la in  i s  s u i t a b l e  t o  most purpcses f o r  which they  now a re  used .  

2 .  There probably wii? be no chemicai-qual i ty  problems involved i n  

l a rge - sca le  recharge.  

3 A r t i f i c i a l .  recharge could improve t h e  chemlral q u a l i t y  :n some a reas  

by d i l u t i n g  t h e  d i s so lved- so l lds  -9n"cnt of  t h e  ground water .  

4 I f  a r r i f l c ~ a l  recharge becomes a  r e a l i t y ,  a  monitoring program 

shauld be e s t a b l i s h e d  t o  determine t h e  long-range e f f e c t s  on t h e  hydrologic 

system 

EFFECTS OF ARTIFICIAL RECHARGE 0 WATER LEVELS AND SPRING FLOW 

The b e n e f i t s  t o  be der ived  from an artificial-recharge program a r e  de- 

pendent on t h e  i-olume of  water  added t o  s to rage  i n  t h e  a q u i f e r ,  t h e  subsequent 

b u ~ i d  up i n  grcrur-6-water le-veis ,  and t h ?  length  of  time the recharge \<ate; 

remains :n s to rage  i n  a  p a r t i c u l a r  a r e a  Assuming rhar  211 recharge water 

goes i n r o  s to rage  in  t h e  a q u i f e r ,  t h e  voiume of  water  added would equal  the  

r h t e  of  recharge rimes t h e  durar ion  of  t h e  recharge pe r iod"  However, t h e  r e -  

s u i ~ z n t  e f f e c t s  on tqater l e v e l s  and t h e  iength  of time t h a t  t h e  water  would 

remain i n  s to rage  a r e  d i f f i c u l t  t o  c a i c u i a t e .  P red ic t rons  o f  the  l a t t e r  two 

f a c t o r s  a r e  necessbry t . 2  derermine ehe economic f e a s i b i l i t y  and desirability 

of an aa r t i f i c i a l - r echa rge  program 

Xethodi A x a l  l a b l t  f o r  Analysis  

The response of  an a q u i f e r  t o  man made s t i m u l i ,  such a s  pumping o r  a r t r -  

f , ... I . re-harge, rs governed by i t s  c o e f f i c i e n t  o f  s to rage  and permeability: 



and by in te rna l  and peripheral hydraulic boundaries. Mathematical methods of 

analysis have been devised t o  enable prediction of some of the  effects  on 

ground-water flow caused by man's ac t iv i ty  (Ferr is  and others,  1962). Appli- 

cation of those methods discussed by Ferr is  requires ideal izat ion of aquifer 

properties,  including the necessity of regarding the aquifer as homogeneous 

and isotropic .  Where the permeability varies from place t o  place,  the aquifer 

is nonhomogeneous, and inasmuch as no aquifer i s  of i n f i n i t e  extent,  boundary 

conditions ex i s t  which must be described. Mathematical solutions by ordinary 

methods under nonideal conditions are  tedious, time consuming, and, for  a l l  

but the simplest determinations of t o t a l  aquifer response, impractical t o  a t -  

tempt. 

An a l te rna t ive  too l  available t o  the hydrologist f o r  the  analysis of 

aquifers i s  the electric-analog model. The theory, instrumentation, and use 

of analog models for  analysis of ground-water flow systems a re  described 

i n  many reports,  among which are  those by Skibitzke (1960), Patten (1965) 

and an e a r l i e r ,  unpublished manuscript, writ ten by H. E .  Skibitzke and G .  M.  

Robinson i n  1954, en t i t l ed  'The use of numerical and e l e c t r i c a l  methods i n  

solution of ground-water flow problems." The theory of analog modeling is 

based on an analogy between the flow of e l e c t r i c i t y  and the flow of ground 

water. The analogous elements i n  the two systems are  as follows: 

Electr ic  system Ground-water system 

Conductance--reciprocal Transmissibility (gallons per day per 

of resistance (ohms) foot)  

Capacitance (farads) Storage coeff ic ient  (percent) 

Voltage (volts)  Head (feet)  

Current (amperes) Volume r a t e  of flow (acre-feet  per  year) 

Time (micro-seconds) Time (days) 



These analogous elements a r e  s c a l e d  t o  be d i r e c t l y  propor t ional  t o  one 

another  and t h e  phys ica l  limits of  t h e  e l e c t r i c a l  system a r e  modeled propor- 

t i o n a l l y  t o  t h e  phys ica l  l i m i t s  of  t h e  a q u i f e r .  When t h e  analogy i s  completed, 

almost any s t r e s s  combination ( inc luding  pumping and recharging)  may be pro-  

grammed i n t o  t h e  model. The r e s u l t a n t  responses,  such as  changes i n  water  

l e v e l s  o r  d ischarge ,  a r e  read throughout t h e  e n t i r e  model. 

Some of  t h e  advantages of  an analog model as  a  hydrologic t o o l  a r e  as 

follows : 

1. An e l e c t r i c  analog model can be  used t o  analyze a  complex nonhomo- 

geneous ground-water system. 

2 .  The model can i n t e g r a t e  l a rge  amounts of  geologic and hydrologic 

da ta  i n t o  one system. Responses t o  e i t h e r  changing o r  continuous s t r e s s e s  

such as pumping o r  recharge ,  can be measured and recorded a t  s e l e c t e d  p laces  

throughout t h e  e n t i r e  system. 

3. Because time i n  t h e  model i s  i n  micro-seconds, p r e d i c t i v e  responses 

t h a t  r ep resen t  many years  i n t o  t h e  f u t u r e  o r  p a s t  can be recorded i n  l e s s  

than 1 second i n  t h e  model. 

4. When used as  an experimental  t o o l ,  r e s i s t o r s  and capac i to r s  rep-  

r e sen t ing  va lues  of  t r a n s m i s s i b i l i t y  and s t o r a g e ,  can be r e a d i l y  changed. 

5 .  The model a i d s  i n  po in t ing  out  p l aces  where f i e l d  d a t a  a re  d e f i -  

c i e n t  o r  where f u r t h e r  refinement of  c o l l e c t e d  d a t a  i s  needed. 

6 .  The model i s  r e a d i l y  adaptable  t o  r e v i s i o n s  o r  changes t h a t  may 

need t o  be made as  a d d i t i o n a l  d a t a  a r e  obta ined .  

7 .  I n i t i a l  cons t ruc t ion  can be  done i n  a  r e l a t i v e l y  s h o r t  time and a t  

a  r e l a t i v e l y  low c o s t .  

An e l e c t r i c - a n a l o g  model was made of t h e  Snake P la in  a q u i f e r  s o  t h a t  

t h e  e f f e c t s  on ground-water l e v e l s  and s p r i n g  flows caused by recharging t h e  



aqu i fe r  a t  s e l e c t e d  s i t e s  could be determined. 

An e a r l y ,  somewhat s i m p l i f i e d ,  e l e c t r i c - a n a l o g  model of  t h e  Snake P la in  

a q u i f e r  was made f o r  an i d e a l i z e d  a n a l y s i s  of  t h e  flow system by Skib i tzke  

and da Costa (1962). The s i m p l i f i e d  model was s u i t e d  t o  t h e  purposes of t h a t  

s tudy but  would not  have been s o p h i s t i c a t e d  enough t o  s u i t  t h e  purposes of  

t h i s  s tudy .  As  s t a t e d  by t h e  au thors  o f  t h a t  r e p o r t  (p.  4 9 ) ,  ' ' If  a l l  t h e  d a t a  

a v a i l a b l e  today (1962) had been used,  a  much more d e t a i l e d  model and a n a l y s i s  

could have been made." 

Physical  Conditions Affec t ing  Ground-Water Flow 

The Snake P la in  a q u i f e r  comprises a  s e r i e s  of  b a s a l t i c  lava  flows which 

include in t e r f low beds composed of  p y r o c l a s t i c  and sedimentary m a t e r i a l s .  

Ground-water movement is l a r g e l y  i n  and r e l a t e d  t o  in t e r f low zones, where pe r -  

meable openings may range i n  s i z e  from cavernous lava  tubes  t o  c a p i l l a r y  

openings i n  sedimentary i n t e r b e d s .  Massive b a s a l t ,  which makes up the  c e n t r a l  

p a r t  of each ind iv idua l  l ava  flow, has  few i f  any in terconnected  pore spaces 

and, t h e r e f o r e ,  is p r a c t i c a l l y  impermeable. The in t e r f low zones a r e  not  com- 

p l e t e l y  separa ted  one from another ,  but  a r e  in te rconnected  along v e r t i c a l  rock 

j o i n t s  o r  along f a u l t  zones, and a t  p laces  where ind iv idua l  flows t e rmina te .  

Also, feeder  dikes f o r  t h e  l ava  may extend up through l a rge  th icknesses  of  ba-  

s a l t ,  and may extend l a t e r a l l y  f o r  mi l e s .  Indiv idual  d ikes  may te rminate  

permeabi l i ty  channels i n  the  flow rocks ,  o r  they may c r e a t e  a d d i t i o n a l  permea- 

b i l i t y  channels as a  r e s u l t  of  s t r u c t u r a l  breakage a t t endan t  t o  t h e i r  emplace- 

ment. Thus t h e  ground-water flow system i s  a n i s o t r o p i c  and nonhomogeneous, i n  

con t ra s t  t o  an i d e a l  sand and g rave l  a q u i f e r  where t h e  flow system can be con- 

s ide red  i s o t r o p i c  and homogeneous (permeabi l i ty  cons tant  i n  a l l  d i r e c t i o n s ) .  

Anisotropy should r e s u l t  i n  d i sp ropor t iona te  wa te r - l eve l  responses 

within t h e  a q u i f e r  when e x t e r n a l  s t r e s s e s ,  such a s  changes i n  recharge and 



e ,  a r e  app l i ed ,  The d i sp ropor t iona te  responses w i l l  t end  t o  be maxi- 

mum i n  l o c a l  p a r t s  of  t h e  a q u i f e r  over  r e l a t i v e l y  s h o r t  per iods  of  t ime .  

However, if t h e  a q u i f e r  i s  viewed over  many square mi l e s ,  over  long per iods  

of t ime,  t h e  e f f e c t s  of  t h e  an iso t ropy should t end  t o  a  minimum; and, f o r  a l l  

pvac t i ca l  purposes,  t h e  a q u i f e r  should respond l i k e  an i s o t r o p i c  system. 

Therefore ,  i n  cons t ruc t ing  an analog model of  t h e  e n t i r e  a q u i f e r ,  as  was done 

f o r  t h i s  s tudy ,  a  condi t ion  of i s o t r o p y  was assumed. 

'The e f f e c t s  caused by nonhomogeneity (p. 33) a r e  d i f f i c u l t  t o  e v a l u a t e ,  

but  s i m p l i f i c a t i o n  of  a n a l y s i s  can be accomplished by assuming t h e  a q u i f e r  

t o  be uniform i n  th i ckness ,  which l a r g e l y  may be t h e  c a s e .  Hence, changes 

i n  t r a n s m i s s i b i l i t y  r e f l e c t  only changes i n  pe rmeab i l i t y .  (See Skib i tzke  and 

da Costa,  1962, p ,  56 . )  Thus, t h e  analog model, programmed with t r a n s m i s s i b i l -  

i t y  values ( f i g .  121, can account f o r  t h e  nonhomogeneity of t h e  a q u i f e r .  

The r a t i o  of s to rage  c o e f f i c i e n t ,  S ,  t o  t h e  t r a n s m i s s i b i l i t y ,  T, ex- 

presses  t h e  d i f f u s i v i t y  of  the  a q u i f e r ,  t h a t  i s ,  the  r a t e  a t  which t h e  e f f e c t s  

of e i t h e r  pumping o r  recharging w i l l  spread about t h e  c e n t e r  of a  s t imu lus .  

The s to rage  c o e f f i c i e n t  i s  defined as  t h e  volwrie of  water  an a q u i f e r  r e -  

l ea ses  from o r  t akes  i n t o  s to rage  pe r  m i t  su r face  a r e a  of t h e  a q u i f e r  pe r  

u n i t  change i n  t h e  component of head normal t o  t h a t  su r face .  The t r ansmiss i -  

b i l i t y  c o e f f i c i e n t  may be def ined  as t h e  number of  ga l lons  of water ,  a t  t h e  

p reva i l ing  temperature,  t h a t  w i l l  pass  i n  I day through a  1- foot  wide v e r t i -  

c a l  s t r i p  of an a q u i f e r ,  extending t h e  s a t u r a t e d  th ickness  of t h e  a q u i f e r ,  

under a  hydrau l i c  g rad ien t  of 1  foot  pe r  f o o t .  The smal le r  t h e  r a t i o ,  S /T ,  

t h e  more r a p i d  the  spread of e f f e c t s ;  and, converse ly ,  t h e  l a r g e r  t h e  r a t i o ,  

the  slower t h e  spread .  The t r a n s m i s s i b i l i t y  va lues  used i n  t h i s  s tudy a r e  

shown i n  f i g u r e  1 2 .  They were computed from t h e  flow n e t  drawn by Mundorff 

and o the r s  (1964, p l .  4 ) ,  which i s  re in t roduced i n  t h i s  r epor t  as  f i g u r e  13. 
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[A p r a c t i c a l  app l i ca t ion  of  flow-net ana lys i s  i s  given by Bennett and Meyer, 

1952.) Or ig ina l ly ,  a l l  t h e  T values der ived  from t h e  flow n e t  were used i n  

the  analog model, bu t  upon t e s t i n g ,  t oo  much simulated water - leve l  bui ldup 

occurred i n  t h e  no r theas t e rn  p a r t  of  t h e  a q u i f e r  (model). Therefore,  i n  o rde r  

t o  more c l o s e l y  match h i s t o r i c a l  d a t a ,  T values i n  a s t r i p  of  t h e  a q u i f e r  

between Roberts and Monteview were increased .  Because a perched water  body 

IS suspected t o  e x i s t  i n  t h e  Mud Lake region ,  i t  was reasoned t h a t  poss ib l e  

e r r o r  may have been introduced i n  t h e  o r i g i n a l  flow n e t  f o r  t h a t  p a r t  of  

t h e  a q u i f e r ,  Furthermore, i t  was reasoned t h a t  t h e  r eg iona l  water  t a b l e  i n  

t h a t  p a r t  of  t h e  a q u i f e r  south of  Mud Lake may extend beneath t h e  suspected 

perched water  body and merge with t h e  water t a b l e  i n  t h e  upper Mud Lake- 

Henrys Fork reg ion ,  t hus  g iv ing  r i s e  t o  assumption 11 on page 43.  The t r u t h  

of t h a t  assumption is contingent  upon a d d i t i o n a l  hydrologic  f i e l d  s tudy.  

The need f o r  a d d i t i o n a l  s tudy was exemplif ied by a wel l  (NEk NW% s e c .  2 ,  

T. 5 N., R.  36 E . )  d r i l l e d  by t h e  U .  S.  Bureau of  Reclamation i n  1968 i n  t h e  

v r c i n i t y  between t h e  two p a r t s  of  t h e  a q u i f e r  r e f e r r e d  t o  above. The well  

has drilled t o  a depth of  995 f e e t  and penet ra ted  b a s a l t ,  c i n d e r s ,  and s e d i -  

ments, f i n a l l y  ending i n  c l ay  a t  990-995 f e e t .  Three d i f f e r i n g  hydrau l i c  

pressure  heads were obtained from d i f f e r e n t  depths i n  t h e  w e l l .  The p res su re  

head i n  t h e  depth i n t e r v a l  between about 410 t o  850 f e e t  was above land s u r -  

face .  Thus, t h e  a q u i f e r  in te rconnect ion  i n  t h i s  p a r t  of  t h e  P l a i n  i s  known 

t o  be very complex. 

The values of t h e  s to rage  c o e f f i c i e n t  of t h e  a q u i f e r ,  shown on f i g u r e  1 2 ,  

were s e l e c t e d  on t h e  b a s i s  of  r e s u l t s  from pumping t e s t s ,  l abora to ry  determin- 

a t ions  of  po ros i ty  of b a s a l t s  o f  t h e  Snake River group, and r e s u l t s  obta ined  

from v e r i f y i n g  t h e  model. The va lues  of S obtained during most of  t h e  pumping 

t e s t s  made i n  t h e  a q u i f e r  were i n d i c a t i v e  of  wa te r - t ab le  cond i t ions .  (See 



Fer r i s  and others,  1962, p. 74-78.) However, some t e s t s  showed tha t  a r t e s i a n  

conditions a lso  ex i s t  i n  places. Data were not available f o r  describing an 

a rea l  d i s t r ibu t ion  of values fo r  S as was done f o r  values of T.  For t h i s  

reason it was necessary t o  use average values covering extremely wide a r ea s  

of the aquifer .  A s  shown by the d i f fu s iv i t y  r a t i o ,  the values of S w i l l  have 

a decided e f f ec t  upon what the water-level responses w i l l  be i n  d i f fe ren t  

p a r t s  of the  aquifer ,  a t  d i f fe ren t  periods of  time. 

Because t he  aquifer  is  largely  a water-table aquifer ,  the  value o f  S 

i s  essen t ia l ly  equal t o  the  spec i f ic  y ie ld ,  t ha t  i s ,  the  volume of water i n -  

volved i n  the  gravi ty  drainage or  r e f i l l i n g  of t he  aquifer ,  divided by ,the 

volume of the zone through which the  water t ab l e  moves. Thus t he  S value a l s o  

has an e f fec t  on the  magnitude of response due t o  recharge. Therefore, when 

recharged with equal volumes of water, a par t  of the  aquifer  having a l a rge  

S value w i l l  show a l e s s e r  water-level r i s e  than a par t  having a smaller  S 

value. 

In addition t o  t h e  inhomogeneities within t he  main aquifer ,  t he  s i t u -  

a t ion  i s  complicated fu r the r  by perched o r  semiperched water bodies which 

over l i e  the main aquifer .  Probable perched-water bodies of poorly defined 

a r ea l  and ve r t i c a l  extent  occur i n  the  v i c i n i t i e s  of Mud and Market Lakes, as 

in fe r red  previously, Egin Bench, American Fa l l s  Reservoir, and i n  the Rupert- 

Burley and Bonanza Lake areas .  The downward r a t e  of percolation from t h e  

perched or semiperched water bodies t o  the  main aquifer  i s  unknown. The same 

fac tors  are  unknown where the  Snake River i s  perched above the  main aqu i fe r .  

If the  hydraulic cha rac t e r i s t i c s  of the  perched-water bodies and t h e i r  hy- 

d rau l ic  connection with the  main aquifer  were known, it would be poss ible  t o  

bu i ld  a multi-layered model showing v e r t i c a l  flow between t he  d i f fe ren t  

aquifer  un i t s .  However, because of the  above unknowns, it was necessary t o  



make t h e  assumptions l i s t e d  a s  8 and 10 i n  t h e  fol lowing s e c t i o n  of t h i s  

r e p o r t ,  Also, t he  in te rconnect ion  between flow zones wi th in  t h e  main a q u i f e r  

t h a t  a r e  separa ted  by massive rock l a y e r s  i n  t h e  v e r t i c a l  d i r e c t i o n  a r e  un- 

known, and assumption 3 n e c e s s a r i l y  was formulated.  

Hydrologic boundaries a r e  an important  f a c t o r  i n  the  a n a l y s i s  o f  any 

system of flow. The d e l i n e a t i o n  and s i g n i f i c a n c e  of t h e  hydrologic  boundar ies  

of t h e  Snake P l a i n  a q u i f e r  a r e  descr ibed  i n  some d e t a i l  by Mundorff and o t h e r s  

(1964, p.  193-194), and t h e i r  mapping of t h e  boundaries  is  shown i n  f i g u r e  1 3  

of t h i s  s tudy .  A s  s t a t e d  i n  t h a t  r e p o r t ,  t h e  r e a l  boundaries a r e  approximated 

a s  s t r a i g h t - l i n e  segments most s u i t a b l e  f o r  t h e  a n a l y s i s  des i r ed .  In  t h i s  

s tudy ,  where an e l e c t r i c - a n a l o g  model was made, adherence t o  t h e  r e a l  shape  

of t h e  boundaries  adds no hardship  t o  t h e  ana lyses .  Therefore,  t h e  p e r i p h e r a l  

boundaries  of t h e  a q u i f e r ,  a s  shown i n  f i g u r e  12,  conform more c l o s e l y  t o  

t h e  a c t u a l  e x t e n t  of t h e  a q u i f e r  t han  do those  boundaries  shown on f i g u r e  1 3 .  

Where t h e  aqu i f e r  t e rmina te s  a t  i t s  con tac t  with rocks i n  t h e  surrounding 

uplands,  t h e  boundaries  a r e  mapped a s  nega t ive  o r  impermeable a s  de f ined  b y  

Mundorff, That i s ,  when pumping o r  recharg ing  t h e  main a q u i f e r ,  no a d d i t i o n -  

a l  drawdown o r  bui ld-up o f  water  l e v e l s  w i l l  occur  beyond those  boundar ies ;  

and any responses w i th in  t h e  main a q u i f e r  w i l l  b e  r e f l e c t e d ,  hence, i n t e n s i -  

f i e d ,  a t  those  boundaries .  Where t h e  water  flows out  of  sp r ings  i n  t h e  

Blackfoot-American F a l l s  and Milner-King H i l l  a r e a s ,  t h e  boundaries a r e  map- 

ped as  p o s i t i v e  o r  d i scharge  boundar ies .  That i s ,  when pumping o r  r echa rg ing  

t h e  main a q u i f e r ,  t h e  flow a t  t h e  p o s i t i v e  boundaries  w i l l  be a l t e r e d  such 

t h a t  no a d d i t i o n a l  drawdown o r  b u i l d  up o f  water  l e v e l s  w i l l  occur  w i th in  t h e  

main a q u i f e r  a t  t hose  boundar ies .  For t h e  purpose of  t h i s  s tudy ,  t h e  Snake 

River convenient ly was taken a s  t h e  southern  boundary of  t h e  a q u i f e r .  The ex- 

t e n t  of t h e  a q u i f e r  on t h e  south  s i d e  o f  t h e  r i v e r  i s  somewhat nebulous and 



i t s  i n c l u s i o n  would add l i t t l e ,  i f  any, t o  t h e  f i n a l  r e s u l t s  of  t h i s  s tudy.  

The s t r e t c h  o f  t h e  r i v e r  between t h e  c e n t e r  of American F a l l s  Reservoir  and 

Milner Dam, t h a t  i s  shown as  a  p o s i t i v e  boundary on f i g u r e  13, was mapped as  

an impermeable boundary f o r  t h i s  s tudy.  Flow from t h e  sp r ings  along p a r t s  of  

t h a t  s t r e t c h  i s  minor (p.  20) and t h e  i n t e r r e l a t i o n  between s p r i n g  flow, t h e  

perched-water bodies ,  and t h e  Snake P la in  a q u i f e r  i s  not  known i n  t h a t  a r ea .  

Also, t h e  boundaries  shown on f i g u r e  13 t o  l i e  w i th in  t h e  l i m i t s  of  t h e  

a q u i f e r  i n  t h e  no r theas t  p a r t  of  t h e  P l a i n  a r e  excluded from t h e  analog model 

made f o r  t h i s  work, l a r g e l y  because t h e  hydrau l i c  connection between t h e  

perched-water bodies and t h e  main a q u i f e r  i s  not  known. 

I t  i s  v i r t u a l l y  impossible t o  desc r ibe  i n  d e t a i l  t h e  complexi t ies  of 

t h e  hydrologic  system underlying t h e  Snake River P l a i n .  Enough d a t a  were 

a v a i l a b l e ,  however, t o  b u i l d  a  workable analog model of  t h e  Snake P la in  

a q u i f e r .  This  model can p r e d i c t  water - leve l  responses t o  a r t i f i c i a l  recharge 

o r  ground-water withdrawal which a r e  genera l ized  i n  a r e a l  ex ten t  and a r e  

within a  reasonable  range of  accuracy. However, f o r  lack of  b e t t e r  d e f i n i -  

t i o n  of t h e  hydrology of  t h e  a q u i f e r ,  dev ia t ions  from t h e  model predictions 

must be expected.  

Analog Model Construct ion and Use 

The a n a l y s i s  of t h e  hydrologic system of  t h e  Snake P la in  a q u i f e r  and 

t h e  cons t ruc t ion  and use of  t h e  e l e c t r i c - a n a l o g  model a r e  based on t h e  fol low- 

ing  assumptions and cond i t ions :  

1. The a q u i f e r  i s  e s s e n t i a l l y  a  wa te r - t ab le  (unconfined) a q u i f e r .  

2 .  The a q u i f e r  r e a c t s  r e g i o n a l l y  as  a  nonhomogeneous and i s o t r o p i c  

system. 

3. Ground-water flow wi th in  t h e  a q u i f e r  i s  laminar (as opposed t o  

tu rbu len t )  and two dimensional.  



4 ,  The a q u i f e r  i s  of uniform th ickness .  

5 Coef f i c i en t s  of t r a n s m i s s i b i l i t y  ( f i g .  12) der ived  from t h e  flow- 

n e t  a n a l y s i s  represent  t h e  e n t i r e  th ickness  of  t h e  a q u i f e r  and do not  change 

with time. 

6 .  The s to rage  c o e f f i c i e n t  of  t h e  a q u i f e r  averages 0.15 and 0.22 with- 

i n  t h e  a reas  shown i n  f i g u r e  12. 

7 .  The only s i g n i f i c a n t  n a t u r a l  discharge from t h e  a q u i f e r  occurs as 

springflow between t h e  mouth of t h e  Blackfoot River and American F a l l s  Res- 

e r v o i r  and between Twin F a l l s  and B l i s s .  

8 .  The Snake River recharges t h e  a q u i f e r  i n  those  s t r e t c h e s  along which 

spr ings  do not occur ,  but  t h e  pe rco la t ion  t o  t h e  r eg iona l  water  t a b l e  occurs 

as unsa tura ted  flow. 

9 .  The volume d i f f e r e n c e  between gross  pumpage and consumptively used 

pumpage i n  the  ground-water i r r i g a t e d  areas  r e t u r n s  as  recharge t o  t h e  a q u i f e r  

a t  the  same time as  pumping occurs .  

10. Recharge t o  the  perched-water bodies  as  a  r e s u l t  of  surface-water  

i r r i g a t i o n  i s  t r ansmi t t ed  t o  t h e  main a q u i f e r  as an equal  volume of  recharge 

during a  s i n g l e  i r r i g a t i o n  season.  

11. The r eg iona l  water  t a b l e  i n  the  main a q u i f e r  i s  below a  perched wa- 

t e r  t a b l e  i n  t h e  Mud Lake a r e a  and t h e  two gradual ly  merge no r th  of  Mud Lake, 

1 2 .  A r t i f i c i a l  recharge has  zero t r a n s i t  time while  moving from t h e  r e -  

charge p o i n t ,  through t h e  unsa tura ted  zone, t o  the  water  t a b l e .  Thus any 

simulat ion of a r t i f i c i a l  recharge i n  t h e  model r ep resen t s  a  d i r e c t  add i t ion  

of water i n t o  t h e  main a q u i f e r .  

13. Natural  recharge t o  and discharge from t h e  a q u i f e r  remain cons tant  

t i n  time and thus  can be e l iminated  from t h e  a n a l y s i s  of t h e  system. (See 

Sk ib i t zke ,  1960.) 



- ihc mode: c o n s i s t s  of a g r i d  net twrk of  r e s i s t o r s  t h a t  a r e  lnve r se iy  

p ropor t ionz l  t 3  t ransmisc lb i : l ty ,  and of capac i to r s  :ihose va lues  a r e  d i r e c t -  

l y  p ropor t iona l  t o  t h e  s to rage  c o e f f i c i e n t .  Except a t  those p l aces  where 

spr rngs  oc-rur, a l i  a q u i f e r  boimdarizs a re  modeled as  negat ive  (impermeable) 

boundaries The western sp r ings  a re  nodeled as a  d ischarge  boundary. The 

e l e c t r i c a l  components a r e  grounded directly along t h i s  boundary and cu r ren t  

[water) i s  allowed t o  flow f r e e l y  out  o f  t h e  model. Originally, t h e  e a s t e r n  

sp r ings  %ere  modeled l i k e i ~ ~ s e ,  b u t ,  upon t e s r l n g ,  t oo  much currenz flowed 

out of t h e  model Tnerefore,  i n  order  t o  match t h e  a c t u a l  sprsng fiow more 

reasonably,  a d d i t i o n a l  r e s i s t o r s  were added between t h e  network and the  

ground Current flow from the  e a s t e r n  sp r ings  i n  t h e  model was r e s t r i c t e d  

t o  an upper iml t  rhrough t h e  use of  t h e  r e s i s t o r s .  

The cur ren t  (water) flow a t  the  s p r i n g s ,  t h e  p o t e n t i a l  [water l e v e l )  

changes wbthsn t h e  modei, and t h e  add i t ion  o r  r educ t ion  of  cu r ren t  [water) 

s t o r e d  i n  t h e  c a p a c i t a r s  caused by t h e  add i t ion  o r  withdrahral of cu r ren t  

anywhere on the  network, a r e  measured by e l e c t r i c a l  apparatus and recorded 

through use of an osc i l l o scope  The os.ci;boscope readings then can be t r a n s -  

l a t e d  t o  t h e i r  analogous values {spr ing  d ischarge  and warer i e v e i s j  rn t h e  

hydraul ic  .)st-rn~ 

Val ida t ion  of Model 

To determine if t h e  analog modei would respond in t h e  same manner as  

rhe Snake P la in  a q u i f e r  t o  programmed a r t i f i c i a l - r e c h a r g e  a c t i v i t i e s ,  an a t -  

tempt was made ta verafy t h e  model Th is  ,gas  done b y  us ing  h i s t o r i c a l  6 a t a  

t h a t  r e l a r e d  changes rn ground.-water l e v e l s  an2 s p r i n g  f loh~  t o  known events  

such as changes i n  recharge t o  and d ischarge  from rhe a q u i f e r  r e s u l t i n g  from 

i r r ~ g s t r o n  i n  &-cord wltb assumption 13, no n a t u r a l  recharge o r  discharge 

was considered i n  t h e  v a l i d a t i o n  



P r i o r  t o  i r r i g a t i o n ,  t h e  hydrologic system of  t h e  Snake River P la in  was 

i n  a  s t a t e  of equi l ibr ium.  That i s ,  long-term average recharge t o  t h e  aqu i fe r  

equal led  discharge and ground-water l e v e l s  everywhere i n  t h e  a q u i f e r  were 

e f f e c t i v e l y  cons tant .  However, wi th  t h e  advent of i r r i g a t i o n  by sur face  

water  i n  t h e  l a t e  1800's and e a r l y  19001s, recharge t o  t h e  a q u i f e r  increased .  

A s  a  r e s u l t ,  ground-water l e v e l s  rose ,  and d ischarge  from t h e  sp r ings  between 

Milner and King H i l l  increased  ( f i g .  8 ) ,  i n d i c a t i n g  t h a t  t h e  a q u i f e r  was i n  a  

s t a t e  of nonequilibrium. From about t h e  l a t e  1940's u n t i l  t h e  mid-19501s, 

discharge from t h e  sp r ings  was again s t a b l e ,  i n d i c a t i n g  t h a t  new equi l ibr ium 

condit ions were a t t a i n e d .  However, beginning i n  about 1954, t h e  inc reas ing  

use of ground water  f o r  i r r i g a t i o n  lowered water  l e v e l s  i n  t h e  a q u i f e r ,  (See 

f i g .  4 . )  A s  a  r e s u l t ,  s p r i n g  discharge began t o  dec l ine  and nonequilibrium 

condi t ions  again p reva i l ed .  H i s t o r i c a l  d a t a  desc r ib ing  t h e  changes i n  recharge 

due t o  surface-water  i r r i g a t i o n ,  and i n  d ischarge  r e s u l t i n g  from increased  

ground-water use ,  were programmed i n t o  t h e  analog model. 

Comparison of  t h e  water - leve l  changes produced i n  t h e  model wi th  t h e  

water- level  changes a c t u a l l y  observed i n  t h e  a q u i f e r  provided a b a s i s  f o r  de- 

termining t h e  v a l i d i t y  of  t h e  model. Although complete v e r i f i c a t i o n  of  t h e  

model was not obta ined ,  reasonable comparisons between a c t u a l  and model-pro- 

duced water - leve l  changes were der ived  f o r  t h a t  p a r t  of  t h e  a q u i f e r  westward 

from Lake Walcott. Eastward from Lake Walcott ,  where h i s t o r i c a l  water - leve l  

d a t a  and d a t a  d e s c r i p t i v e  of t h e  hydrology of  t h e  a q u i f e r  a r e  g ross ly  lacking ,  

v e r i f i c a t i o n  has not  y e t  been a t t a i n e d .  

Using t h e  Model 

The following hypothe t ica l - recharge  program was s e t  up t o  t e s t  t h e  

v e r s a t i l i t y  of  t h e  model and i t s  p r a c t i c a l  u se .  Four a r e a s  on t h e  P l a i n  were 

s e l e c t e d  as  p laces  f o r  recharge ( f i g .  1 4 ) .  The s i t e s  a r e  loca ted  up g rad ien t  



from a reas  of present  o r  f u t u r e  development of ground-water i r r i g i - r o n  and 

d i s t a n t  from a reas  of n a t u r a l  discharge from t h e  a q u i f e r .  Also, they a r e  

p laces  where i t  may be poss ib le  t o  convey water  by g r a v i t y  flow. I t  i s  postu- 

l a t e d  i n  t h e  program below t h a t  a r t i f i c i a l  recharge can be  applied ro  the  

a q u i f e r  a t  t hese  p laces .  No inference  i s  intended here  as  t o  the  most p r a c t i -  

c a l  r a t e  o r  means of a r t i f i c i a l  recharge used a t  each p a r t i c u l a r  p l a c e .  Such 

determinat ions w i l l  r e q u i r e  f u r t h e r  f i e l d  s t u d i e s .  

Recharge was s imulated simultaneously i n  each o f  t h e  four  a reas  a t  a  

r a t e  of about 62,000 ac re - fee t  of water pe r  month f o r  3 consecutive months; 

then ,  no water was added f o r  2 1  months. This  cycle was repeated f o ~  four  more 

l i k e  per iods .  This amounted t o  a  t o t a l  recharge of about 740,OOU ac re - fee t  

f o r  each biennium o r  a  grand t o t a l  of 3 .7  mi l l ion  ac re - fee t  i n  the  10-year 

t e s t  per iod .  Wlater-level r i s e s  were recorded a t  t h e  end of t h e  f i f . rh  biennium. 

Rises i n  water l e v e l s  r e s u l t i n g  from the  hypothet ica l  recharge prog:-am a r e  

contoured i n  f igu re  14. Also shown on f i g u r e  14 a r e  water- level  hydrographs 

a t  d i f f e r e n t  p laces  i n  t h e  a q u i f e r ,  throughout t h e  e n t i r e  1 0 - y e a  recharge 

program, and the  cumulative inc reases  i n  s p r i n g  flows r e s u l t i n g  frm t h e  

a r t i f i c i a l  recharge.  

A s  a  r e s u l t  of the  above condi t ions  of hypo the t i ca l  recharge ,  wstes- 

l eve l  r i s e s  ranging from l e s s  than l t o  more than 3 f e e t  a r e  indicated f o r  t h e  

aqu i fe r .  The r i s e  of more than 5 f e e t  occurs c l o s e  t o  t h e  a r e a  of g r e a t e s t  

combined recharge n o r t h e a s t  of Blackfoot nea r  an impermeable boundary and i n  

a  zone of low t r a n s m i s s i b i l i t y .  The water - level  r i s e s  a t  t he  end of t h e  10 

years ,  as  shown by t h e  contours ,  do not  cen te r  around t h e  recharge areas  be- 

cause the  contours a r e  drawn on readings taken 21 months a f t e r  comple t~on of 

the  l a s t  recharge cycle ;  and, t h e r e f o r e ,  t h e  recharged water  has had time t o  

migrate.  The expected p e r i o d i c  peaks and dec l ines  of t h e  ground-wa e r  mounds 
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a r e  ev ident  on t h e  water - leve l  hydrographs. The r a t e  of  r i s e ,  magnitude, and 

d i s s i p a t i o n  of t h e  mounds, a t  s e l e c t e d  p l aces ,  can be obtained from t h e  hydro- 

graphs. For example, a t  t h e  hydrograph s i t e  1% miles  sou theas t  of  Shel ley  
. . 

[ f i g  1 4 ) ,  t h e  s imulated water - leve l  r i s e  was about 4 . 4  f e e t  during t h e  i n i -  

t i a l  3-month recharge pe r iod ,  o r  t h e  water  l e v e l  rose  a t  a  r a t e  of about 

1.1 f e e t  p e r  month. A t  t h e  end of 5 months, 2  months a f t e r  ces sa t ion  of r e -  

charge, t h e  water - leve l  r i s e  peaked a t  about 5.8 f e e t .  A t  t h e  end of  1 yea r ,  

the  water  l e v e l  receded 2 . 3  f e e t  t o  a  r e s i d u a l  r i s e  of  3.5 f e e t .  A t  t h e  end 

of 2 yea r s ,  the  water  l e v e l  dropped an add i t iona l  1 . 5  f e e t  t o  a  r e s i d u a l  r i s e  

of 2 f e e t .  The same c a l c u l a t i o n s  can be made f o r  t h e  remaining fou r  per iods  

of hypo the t i ca l  recharge.  Thus, t h e  model can be used t o  eva lua te  t h e  e f -  

f e c t s  of recharge i n  any d i r e c t i o n  o r  a t  any d i s t ance  from an a rea  of  recharge,  

through use of t h e  hydrographs. Magnitudes o f  water - leve l  r i s e  taken from 

t h e  hydrographs were measured t o  t h e  n e a r e s t  t en th  of  a  foo t  f o r  t h i s  example 

only ,  I t  must be remembered t h a t  t h e  analog readouts  a r e  approximations and 

cannot s imulate  water - leve l  r i s e s  t h a t  may occur i n  t h e  a q u i f e r  t o  t h a t  de- 

gree of accuracy. 

The analog-model readouts  i n d i c a t e d  t h a t  i f  3.7 m i l l i o n  a c r e - f e e t  of  

water  were a r t i f i c i a l l y  recharged i n  t h e  manner descr ibed ,  about 3 .3  mi l l i on  

ac re - f ee t  (88 percent )  would go i n t o  s to rage  i n  t h e  a q u i f e r  and about 0 .4  

mi l l i on  ac re - f ee t  (12 percent )  would be added t o  t h e  flow out  of  t h e  s p r i n g s .  

The model has  no b u i l t - i n  wa te r - t ab le  g rad ien t  and t h e  r e s u l t a n t  r i s e s  

i n  water  l eve l s  and t h e  inc reases  i n  s p r i n g  flow presented  a r e  wholly due t o  

the  e f f e c t s  of  t h e  a r t i f i c i a l  recharge  as  programmed, However, i n  a c t u a l  

p r a c t i c e ,  t he re  w i l l  b e  a  wa te r - t ab le  g rad ien t  t h a t  would have some unknown 

e f f e c t  upon t h e  shape and t h e  d i s p e r s i o n  o f  t h e  recharge responses .  Also, i n  

a c t u a l  p r a c t i c e ,  t h e  water - leve l  changes due t o  a r t i f i c i a l  recharge would be 



superimposed on e x i s t i n g  man made and n a t u r a l  hydrologic s t r e s s e s .  Because 

the  annual increments of  t h e  a r t i f i c i a l l y  induced r i s e  a r e  smal l ,  they prob- 

ably would not  be no t i ceab le  among t h e  seasonal  f l u c t u a t i o n s  of  water  l e v e l s ,  

except ,  perhaps,  i n  a reas  c lose  t o  recharge s i t e s .  

Def ic ienc ies  of  Data and Need f o r  Future S tudies  

The g r e a t e s t  determinant of accuracy i n  t h e  responses obtained us ing  

the  analog model i s  t h e  r e l i a b i l i t y  of t h e  d a t a  used t o  desc r ibe  t h e  hydro- 

log ic  system. A t  t h e  very o u t s e t  of t h i s  work it was recognized t h a t  only 

approximate d e s c r i p t i o n s  of t h e  p e r t i n e n t  elements i n  t h e  system were obta in-  

ab le .  The fol lowing a r e  some of t h e  weaknesses and d e f i c i e n c i e s  i n  d a t a  t h a t  

suggest  needs f o r  f u r t h e r  s tudy:  

1. The hydrau l i c  r e l a t i o n s  between t h e  r eg iona l  water  t a b l e  and t h e  

perched-table bodies  (p. 40) a r e  unknown, and t h e i r  a r e a l  and v e r t i c a l  ex- 

t e n t s  have not  been mapped. 

2 .  A t r u e  d i s t r i b u t i o n  of  values f o r  t h e  c o e f f i c i e n t  of  s to rage  

throughout t h e  a q u i f e r  i s  not  a v a i l a b l e  and may be unobta inable .  Consider- 

ing  t h a t  t h e  c o e f f i c i e n t  of  s to rage  f o r  a  cavernous l ava  tube  mtiy be  100 

pe rcen t ,  very high i n  v e s i c u l a r  c indery  i n t e r b e d s ,  and p r a c t i c a l l y  n i l  i n  mas- 

s i v e  b a s a l t ,  it i s  d i f f i c u l t  t o  es t imate  a c t u a l  s to rage  c o e f f i c i e n t s  f o r  t h e  

e n t i r e  aqu i fe r  

3 .  The th i ckness  of  t h e  a q u i f e r  i s  unknown. 

4 .  The flow n e t  used t o  es t imate  c o e f f i c i e n t s  of  t r a n s m i s s i b i l i t y  

lacks con t ro l  f o r  d e f i n i t i o n  o f  wa te r - t ab le  contours  around t h e  o u t e r  edges 

and i n  t h e  wes t -nor th-cent ra l  and extreme nor theas t e rn  p a r t s  of  t h e  a q u i f e r .  

Therefore t h e  t r a n s m i s s i b i l i t y  va lues  a r e  d i f f i c u l t  t o  e s t ima te  i n  those  

p l aces .  Also t h e  s p a t i a l  d i s t r i b u t i o n  and number of  flow l i n e s  i n  t h e  n e t  

n e c e s s a r i l y  were based l a r g e l y  on gross  e s t ima tes  of recharge .  



5. The a c t u a l  d i f f u s i o n  of p re s su re  responses through the  a q u i f e r  i s  

unknown. I t  has been suggested t h a t  massive recharge c r e a t e s  p re s su re  waves 
* - 

t h a t  cause water - leve l  r i s e s  throughout t h e  a q u i f e r  f a s t e r  than would be ex- 
- * 

pected under water - tab le  cond i t ions .  (Barraclough and o t h e r s ,  1965, p .  67.) 

Only responses t h a t  a r e  governed by water - tab le  condit ions w i l l  occur i n  the  

model made f o r  t h i s  s tudy.  

6 ,  A comprehensive p r e - i r r i g a t i o n  water - tab le  map f o r  use i n  v a l i d a t i n g  

t h e  model i s  unavai lab le .  

7.  P r e - i r r i g a t i o n  spring-f low records  a r e  unavai lab le  

8. More f i rm values f o r  recharge t o  t h e  a q u i f e r  from ground- and s u r -  

face-water i r r i g a t i o n  a r e  needed t o  r ep lace  t h e  es t imates  made i n  t h i s  s tudy .  

9. Data a re  not  a v a i l a b l e  t o  e s t ima te  and d i s t r i b u t e  t o t a l  rechargc 

t o  t h e  aqu i fe r  from n a t u r a l  sources  on an annual b a s i s .  

10. The e l e c t r i c - a n a l o g  response i s  based on t h e  assumption of an i s o -  

t r o p i c  a q u i f e r .  But f i e l d  d a t a  i n d i c a t e  t h a t  f o r  condi t ions  where recharge o r  

discharge a re  appl ied  t o  t h e  upper boundary (water t a b l e ) ,  t h e  a q u i f e r  w i l l  be 

a n i s o t r o p i c .  T r a n s m i s s i b i l i t i e s  obtained from flow-net a n a l y s i s  (p .  39) may 

not be r e a l i z e d  i n  t h e  v i c i n i t y  of recharge owing t o  the  r e l a t i v e l y  low v e r t i -  

c a l  permeabi l i ty  of s t r a t i f i e d  f lows.  Therefore,  the  model shows water - leve l  

changes t h a t  a r e  t h e  minimum t h a t  a c t u a l l y  would occur i n  t h e  f i e l d  i n  t h e  

v i c i n i t y  of po in t s  of a r t i f i c i a l  recharge ,  unless  t h e  recharge was app l i ed  

i n  a wel l  t h a t  pene t r a t ed  t h e  e n t i r e  s a t u r a t e d  th ickness  of  t h e  a q u i f e r  

Considering t h e  g rea t  ex ten t  and t h e  complex na tu re  of  t h e  Snake P la in  

a q u i f e r ,  t h e  responses obta ined  from t h e  analog model a r e  be l i eved  t o  be 

reasonable desp i t e  t h e  assumptions and t h e  d e f i c i e n c i e s  i n  d a t a .  - 
Items 6 and 7 above emphasize t h e  lack o f  h i s t o r i c a l  d a t a  which a re  

needed f o r  f u l l  v a l i d a t i o n  of  any model, bu t  which a r e  unobta inable .  Items 1 
, . 



and 4 above i n d i c a t e  elements needed f o r  refinement of t h e  mode: but  which 

probably a r e  obta inable .  The usefu lness  of t h e  model would be enhanced con- - * 
s ide rab ly  i f  t h e  elements of  i tems 1 and 4 were descr ibed  i n  g r e a t e r  d e t a i l ,  . - 
These d e s c r i p t i o n s  w i l l  r e q u i r e  t e s t  d r i l l i n g  i n  a reas  of  perched-water bodies  

i n  order  t o  d e l i n e a t e  t h e i r  a r e a l  and v e r t i c a l  e x t e n t s  and t o  t e s t  t h e i r  hy- 

d r a u l i c  p r o p e r t i e s .  The t e s t  ho le s  a l s o  would enable d i f f e r e n t i a t i o n  of  t h e  

perched-water t a b l e s  and t h e  r eg iona l  water  t a b l e  i n  t h e  model. Addit ional  

t e s t  ho le s  a r e  needed i n  remote p a r t s  of  t h e  P la in  where t h e  a l t i t u d e  of t h e  

r eg iona l  water  t a b l e  i s  unknown. Acquisi t ion of t hose  water - tab le  d a t a  would 

enable t h e  drawing of  a  more d e t a i l e d  water - tab le  map of  t h e  Snake P la in  

aqu i fe r .  Re-evaluation of t h e  a r e a l  d i s t r i b u t i o n  of  recharge t o  t h e  aqu i fe r  

coupled with a  more d e t a i l e d  water - tab le  map would enable t h e  drawing of  

a  more r e f i n e d  flow n e t .  The r e f ined  flow n e t ,  i n  t u r n ,  would enable t h e  

d e r i v a t i o n  of more accura te  c o e f f i c i e n t s  of t r a n s m i s s i b i l i t y  t o  be d i s t r i -  

buted throughout t h e  a q u i f e r  and t o  be used t o  r e f i n e  t h e  p resen t  analog 

mode 1 , 

Items 2 and 5 above a r e  prime elements f o r  s tudy t h a t  can b e n e f i t  fmm 

add i t iona l  research .  These two elements might b e s t  be s tud ied  sepa ra t e ly  

from t h e  o v e r a l l  a p p r a i s a l  of  a r t i f i c i a l  recharge t o  t h e  Snake Plazn aqu i fe r  

so t h a t  research a spec t s  can be s t r e s s e d .  The r e s u l t s  obtained then can be 

used i n  t h e  o v e r a l l  a p p r a i s a l .  

I t  should be recognized t h a t  a  p r e c i s e  model of  t h e  Snake P la in  aquifez 

can never  be b u i l t .  P red ic t ions  of f u t u r e  %water-level changes obtained from 

any model always w i l l  be s u b j e c t  t o  some range of p r o b a b i l i t y  and w i i l  r equ i r e  

some degree of  i n t e r p r e t a t i o n ,  This  i s  because of t h e  complexi t ies  of t h e  

hydrologic system, inc luding  t h e  huge s i z e  and t h e  g r e a t  variability of t h e  

a q u i f e r ,  and the  v a r i a t i o n s  i n  recharge ,  s t o r a g e ,  movement, and discharge of 
1 



ground water  through t h e  a q u i f e r .  However, i n  i t s  p resen t  s t a t e  of  develop- 

- ment, t h e  Snake P la in  analog model i s  a  use fu l  hydrologic t o o l .  Without a  

* .  
model, water  managers would be requi red  t o  use l a rge ly  q u a l i t a t i v e  methods 

. , 

t o  e s t ima te  t h e  e f f e c t  of  a r t i f i c i a l  recharge on water  l e v e l s .  Although it 

was not  poss ib l e  t o  f u l l y  v a l i d a t e  t h e  p resen t  model, t h e  model i s  t h e  b e s t  

s c i e n t i f i c  t o o l  a v a i l a b l e  a t  t h i s  t ime. 

What may be considered t h e  f i r s t  phase of  s tudy ,  t h i s  and Mundorff's 

11962) s t u d i e s ,  has shown t h a t  a r t i f i c i a l  recharge of  t h e  Snake P la in  a q u i f e r  

i s  probably f e a s i b l e .  This s tudy,  i n  p a r t i c u l a r ,  gives t h e  frequency of  

occurrence and volumes of  su rp lus  water  t h a t  may be a v a i l a b l e .  I t  a l s o  p o i n t s  

out t h e  general  magnitude of  water - leve l  r i s e s  t h a t  may be expected i f  a  given 

amount of  water is recharged. Mundorff's s tudy (1962) d iscussed  a  number of 

p laces  on t h e  P la in  where water  might be recharged e i t h e r  by water  spreading  

o r  through recharge we l l s .  

The analog model, i n  i t s  present  s t a g e  o f  development, i s  a  va luab le  

a id  f o r  use i n  what could be c a l l e d  a  second phase of  s tudy  p repa ra to ry  t o  

ac rua l  a r t i f i c i a l  recharge of t h e  Snake P la in  a q u i f e r .  As  a  p a r t  of  t h e  

second phase of s tudy,  proposed recharge s i t e s  could be s e l e c t e d  and examined 

i n  some d e t a i l ,  geo log ica l ly  and hydro log ica l ly ,  before  they  a r e  used. Also 

the  means of conveyance of  su rp lus  water  t o  t h e  s e l e c t e d  recharge s i t e s  must 

be s t u d i e d .  The model can be  used t o  approximate t h e  e f f e c t s  upon t h e  water-  

t a b l e  caused by deep pe rco la t ion  lo s ses  along t h e  conveyance system and by 

recharge a t  each ind iv idua l  s i t e ,  under any p a t t e r n  of suggested ope ra t ion .  

I f  water spreading i s  t o  be t h e  means o f  a r t i f i c i a l  recharge ,  i t  w i l l  

be necessary t o  work out  t h e  subsurface  geology a t  each recharge s i t e ,  Un- - 
doubtedly, t h e r e  a r e  p l aces  on t h e  P l a i n  where t h e  s u r f a c i a l  l ava  has  a  g r e a t  

enough i n f i l t r a t i o n  capaci ty  t o  accept  t h e  l a r g e  volumes of  water  t h a t  may be  

1 %  



a v a i l a b l e  f o r  recharge.  However, if an impermeable bed o r  i a y e r  of low pe r -  

meabi l i ty  occurs i n  t h e  subsurface above t h e  r eg iona l  water  t a b l e ,  t h e r e  i s  
*I 3 

a  d i s t i n c t  p o s s i b i l i t y  t h a t  t h e  recharge water  could move l a t e r a l - l y  towards . 

l ow-a l t i t ude  farm lands around t h e  edges o f ,  and wi th in ,  t h e  eleva-ed lava  

f i e l d s .  I f  t h i s  condi t ion  was not  recognized,  water  logging o r  even f lood- 

ing  of  farm lands could occur ,  An i n j e c t i o n  wel l  i s  probably t h e  only pos i -  

t i v e  means of  assurance t h a t  t h e  recharge water  w i l l  go d i r e c t l y  i n t o  t h e  

main a q u i f e r .  A t  a l l  p o t e n t i a l  recharge s i t e s ,  d r i l l i n g  of  t e s t h o l e s  t o  

pene t r a t e  t h e  r eg iona l  water  t a b l e  i s  t h e  b e s t  means by which t o  s tudy t h e  

subsurface geology and determine t h e  l o c a l  hydrology. These ho le s  could be  

converted t o  recharge we l l s .  

Any a d d i t i o n a l  hydrologic d a t a  gained dur ing  a  second phase of  scudy 

could be used t o  r e f i n e  t h e  p resen t  analog model. Also, any d a t a  gained i n  

f u t u r e  ind iv idua l  a r e a s  s t u d i e d  on t h e  P la in  may be used i n  t h e  model; and 

conversely,  t h e  model may be  used as  a  guide t o  s e l e c t  a r eas  f o r  future 

sliudies.  

A t h i r d  phase i n  t h e  a r t i f i c i a l - r e c h a r g e  s t u d i e s  then  wouid be t o  con- 

ceive a  recharge program, pu t  it  i n t o  a c t u a l  ope ra t ion ,  and monitor t h e  

e f f e c t s .  

SU$NlARY AND CONCLUSIORS 

1. By t h e  end of  t h e  1965 i r r i g a t i o n  season,  an e s t i n a t e d  i,S10,000 

acres  was i r r i g a t e d  wi th in  t h e  a r e a  of t h i s  study--910,000 a c r e s  by su r face  

r iater  d ive r s ions  and 600,000 a c r e s  by ground-water pu'mping. An est imated 

6 percent  (52,000 ac res )  of  t h e  a r e a  i r r i g a t e d  by sur face-water  d ive r s ions  

i s  supplemental ly i r r i g a t e d  wi th  ground water  pumped from w e l l s .  - 
2 .  During t h e  decade 1956-65, an es t imated  average t o t a l  annual d ive r -  . . 

.,., heads s ion  of 6.6 mi l l i on  a c r e - f e e t  of sur face  water  was d i s t r i b u t e d  t o  +"-  li 

C 



of t h e  main i r r i g a t i o n  cana l s .  Of t h i s  t o t a l ,  about 4 mi l l i on  ac re - f ee t  of 

water  o r  60 percent  seeped i n t o  t h e  ground and recharged t h e  Snake P la in  . _ 
a q u i f e r .  

. a 

3 .  In  1965, an est imated 2.1 mi l l i on  a c r e - f e e t  of water  was pumped from 

wel ls  f o r  i r r i g a t i o n .  O f  t h i s  t o t a l ,  about 1.1 mi l l ion  ac re - f ee t  o r  52 pe r -  

cent  of t h e  pumped water  seeped back i n t o  the  ground t o  recharge t h e  Snake 

P la in  a q u i f e r .  

4. The major sources of  water  f o r  a r t i f i c i a l  recharge t o  t h e  Snake 

P la in  a q u i f e r  a re  t h e  Snake River upstream from Milner Dam, and Henrys Fork. 

The key po in t  i n  t h e  system i s  Milner Dam; any excess streamflow p a s t  t h i s  

po in t  might have been d ive r t ed  upstream f o r  a r t i f i c i a l  recharge .  On t h e  b a s i s  

of  a recurrence  i n t e r v a l  determinat ion o f  annual mean d ischarge  of Snake River 

a t  Milner,  an annual mean discharge of  about 1 . 3  mi l l i on  a c r e - f e e t  o r  more 

occurs ,  on t h e  average, once every 2 yea r s .  This  i n d i c a t e s  a 50 percent  s t a -  

t i s t i c a l  p r o b a b i l i t y  t h a t  t h e  same d ischarge  may be equal led  o r  exceeded i n  

any 1 y e a r .  Actual flow p a t t e r n s  a r e  c o n t r o l l e d  l a r g e l y  by r e s e r v o i r  s to rages  

and r e l e a s e s  and do not  c l o s e l y  fol low t h e  s t a t i s t i c a l  p a t t e r n s .  

5 Natural  ground-water d ischarge  from t h e  Snake P la in  a q u i f e r  occurs  

almost wholly from two groups of sp r ings  along t h e  Snake River .  The e a s t e r n -  

most group of sp r ings  accounts f o r  about 1 . 8  mi l l i on  a c r e - f e e t  pe r  yea r  

(1954-65 average) .  The westernmost group accounts  f o r  about 4 . 7  m i l l i o n  ac re -  

f e e t  pe r  yea r .  

6. The chemical q u a l i t y  of  su r face  and ground water  i n  t h e  Snake River  

P la in  i s  s u i t a b l e  f o r  most uses .  There probably w i l l  be  no chemica l -qual i ty  

problems involved i n  l a rge - sca le  a r t i f i c i a l  recharge .  A r t i f i c i a l  recharge  . 
could improve t h e  chemical q u a l i t y  of  water  i n  some a reas  by lowering t h e  d i s -  

so lved- so l ids  concent ra t ion  of  t h e  ground wa te r .  

1 
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